This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK (uspto) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




/96 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61K 31/55, C07D 401/12 



Al 



(11) International Publication Number: WO 97/24124 

(43) International Publication Date: 10 July 1997 (10.07.97) 



(21) International Application Number: PCI7US96/20327 

(22) International Filing Date: 20 December 1996 (20.12.96) 



(30) Priority Data: 

60/009.367 



29 December 1995 (29.12.95) US 



(71) Applicant (for all designated States except US): SMITHKLINE 

BEECHAM CORPORATION [US/US]; Corporate Intellec- 
tual Property, UW2220, 709 Swedeland Road, P.O. Box 
1539. King of Prussia. PA 19406-0939 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): AU, Fadia, E. fUSAJS]; 
5 North Green Acre Drive, Cherry Hill. NJ 08003 (US). 
BONDINELL, William. E. [US/US]; 1512 Franklin Lane. 
Wayne, PA 19087 (US). KEEN AN, Richard, M. [US/US]; 
796 Bass Cove, Malvern, PA 19355 (US). KU, Thomas, 
Wen, Fu HUSJ; 1413 Southwind Way, Drcsher, PA 
19025 (US). MILLER. William. H. [US/US]; 333 Fell 
Lane, Schwenksville, PA 19473 (US). SAMANEN, James 
[US/US]; 145 Jug Hollow Road, Phoenixville, PA 19460 
(US). 



(74) Agents: MCCARTHY. Mary, E. ct al.; SmithKline Beecham 
Corporation, Corporate Intellectual Property, UW2220, 709 
Swedeland Road, P.O. Box 1539, King of Prussia. PA 
19406-0939 (US). 



(81) Designated States: AL, AM, AU, BB, BG. BR. CA, CN, CZ, 
EE, GE, HU. IL, IS, JP. KG, KP. KR, LK, LR. LT, LV, 
MD. MG. MK. MN, MX, NO, N2. PL, RO, SG, SI, SK, 
TR, TT, UA. US, UZ, VN, ARIPO patent (KE. LS, MW, 
SD, SZ, UG). Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU. TJ, TM), European patent (AT. BE. CH, DE, DK. ES, 
FI, FR. GB, GR, IE, IT. LU, MC, NL, PT, SE). OAP1 patent 
(BF, BJ, CF. CG, CI, CM. GA, GN t ML, MR, NE. SN, TD, 
TG). 



Published 

With international search report. 



(54) Tide: VITRONECTIN RECEPTOR ANTAGONISTS 



(57) Abstract 



Q 
it 



(0) u 

.A 



NR'-CR'* -W-A 



(I) 



RV 



Compounds of formula (I) are disclosed, 
wherein: A is a fibrinogen antagonist template; W is 
a linking moiety of the form -<CHRi),-U-<CHR«)b- 
Vs Q 1 , Q 2 . Q 3 and Q 4 are independently N or C-R*. 
provided that no more than one of Q 1 , Q*. Q 3 and Q 4 
is N; R' is H or Ci^alkyl, C*.7cycloalkyl-Ce~6alkyl 
r Ar-Gwalkyl; R> is H or Ci-6alkyl, Het-Co^alkyl, 
C3-7cycloalkyl-Qwalkyl or Ar-Co^alkyl; R k is 
R«, -C(0)R« or -C(0)OR« R l is H, Ci-6alkyl, 
Het-Co*alkyl r Cv7cycloalkyl-Co<alkyl, Ar-C>*alkyl, 

Het-QMiallcyl-U'-Ci^alkyl, Cj.TcycIoalkyl-Qwsalkyl-U'-Ci^alkyl or Ar-Co^kyl-U'-Ci-ealkyl; Ry is H , halo. -OR«, -SRR, -CN, -NR8R k , 
-NO2. -CF 3( CF3S(OV. -CO2R*. -COR* or -CONRh. or Ci-6alkyl optionally substituted by halo, -OR*. -SR*. -CN, -NR*R -NO2, 
-CF 3 . R i S(Oh% -COjR*, -COR* or -CONR**; U and V are absent or CO, CR* 2 . C(-CR*2), S(0) c . O f NR*. CR«OR«, CR«<OR k )CRh. 
CR*2CR*(OR*), C(0)CRh. CRhC(O), CONR'. NR*CO, OC(O), C(O)0, C(S)0, OC(S), C(S)NR». NR*C(S). S(0) 2 NR«, NR*S(OhN-N, 
NRSNR*. NR*CR*2, NR*CR*2, CR«20. OCRh. CRs-CRS. CbC. Ar or Her. a is 0, I, 2 or 3; b is 0, 1 or 2; c is 0, I or 2; r is 0, I or 2; and 
u is 0 or I; or pharmaceutically acceptable salts thereof, which are vitronectin receptor antagonists useful in the treatment of osteoporosis. 
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TITLE 

Vitronectin Receptor Antagonists 

5 FIELD OF THE INVENTION 

This invention relates to pharmaceutically active compounds which inhibit the 
vitronectin receptor and are useful for the treatment of diseases wherein ihibition of the 
vitronectin receptor is indicated, such as inflammation, cancer, angiogenesis, 
atherosclerosis, restenosis, and diseases wherein bone resorption is a factor. 

10 

BACKGROUND OF THE INVENTION 

Integrins are a superfamily of cell adhesion receptors, which are transmembrane 
glycoproteins expressed on a variety of cells. These ceil surface adhesion receptors 
include gpllb /Ilia, the fibrinogen receptor, and a v B.3, the vitronectin receptor. The 

1 5 fibrinogen receptor gpllb /Ilia is expressed on the platelet surface and it mediates platelet 
aggregation and the formation of a hemostatic clot at the site of a bleeding wound. 
Philips, et aL, Blood.. 1988, 71, 831. 

The vitronectin receptor ct v B3 is expressed on a number of cells, including 
endothelial, smooth muscle, osteoclast, and tumor cells, and, thus, it has a variety of 

20 functions. The a v B3 receptor expressed on the membrane of osteoclast cells is believed 
to play a role in the bone resportion process and contribute to the development of 
osteoporosis. Ross, et aL, J. BioL Cherru, 1987, 262, 7703; Fisher, et aL, Endocrinology 
1993, 132. 141 1; Bertolini et aL f J. Bone Min. Res., 6, Sup. 1, S146, 252; EP 528 587 and 
528 586. The a v B3 receptor expressed on human aortic smooth muscle cells stimulates 

25 their migration into neointima, which leads to the formation, of atherosclerosis and 
restenosis after angioplasty. Brown, et aL, Cardiovascular Res., 1994, 28, 1815. 
Additionally, a recent study has shown that a cl,&3 antagonist is able to promote tumor 
regression by inducing apoptosis of angiogenic blood vessels. Brooks, et aL. Cell, 1994, 
79, 1 157. Thus, agents that would block the vitronectin receptor would be useful in 

30 treating diseases mediated by this receptor, such as osteoporosis, atherosclerosis, 
restenosis and cancer. 

- 1 - 
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Alig et aJ., EP 0 381 033, Hartman, et al., EP 0 540,334, Blackburn, et al., WO 
93/08174, Bondinell, et al., WO 95/18619. Bondinell, et al.. WO 94/14776, Blackburn, et 
al. WO 95/04057. Egbertson. et al, EP 0 478 328. Sugihara, et al. EP 529,858, Porter, et 
al., EP 0 542 363, and Fisher, et al., EP 0 635 492, and many others disclose certain 
5 compounds that are useful for selectively inhibiting the fibrinogen receptor. 
PCT/US95/08306, filed June 29, 1995 (SmithKline Beecham Corp.) and 
PCT/US95/08146 filed June 29, 19951995 (SmithKline Beecham Corp.) disclose 
vitronectin receptor selective antagonists. However, there are few reports of compounds 
which are potent vitronectin receptor antagonists. It has now been discovered that certain 
1 0 appropriately substituted amino pyridine compounds are potent inhibitors of the 

vitronectin receptor. In particular, it has been discovered that the amino pyridine moiety 
may be combined with a fibrinogen atagonist template to prepare compounds which are 
more potent inhibitors of the vitronectin receptor than the fibrinogen receptor. 

1 5 SUMMARY OF THE INVENTION 

This invention comprises compounds of the formula (I) as described hereinafter, 
which have pharmacological activity for the inhibition of the vitronection receptor and are 
useful in the treatment of inflammation, cancer, cardiovascular disorders, such as 
atherosclerosis and restenosis, and diseases wherein bone resorption is a factor, such as 
20 osteoporosis. 

This invention is also a pharmaceutical composition comprising a compound 
according to formula (I) and a pharmaceutically acceptable carrier. 

This invention is also a method of treating diseases which are mediated by the 
vitronectin receptor. In a particular aspect, the compounds of this invention are useful for 
25 treating atherosclerosis, restenosis, inflammation, cancer and osteoporosis. 



DETAILED DESCRIPTION 

This invention comprises novel compounds which are more potent inhibitors of 
the vitronectin receptor than the fibrinogen receptor. The compounds of the instant 
invention comprise a fibrinogen receptor antagonist template that is linked to an 
optionally substituted 2-pyridyl-amine moiety according to formula (I): 
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wherein 

A is a fibrinogen antagonist template; 
5 W is a linking moiety of the form -(CHRS) a -U-(CHR8) b -V-; 

Qi, Q2 and Q 3 are independently N or C-R>\ provided that no more than one of Q 1 , Q 2 , 
Q3 and Q 4 is N; 

R' is is H or Ci^alkyl, C 3 .7cycloalkyl-Co-6alkyl ° r Ar-Co-6alkyl 
R8 is H or Cj.6alkyl, Het-C 0 -6alkyl, C3-7cycloalkyl-Co.6alkyl or Ar-Co. 6 alkyl; 
10 R k is RS, -C(0)R8 or -C(0)ORS 

R ! is H, Ci. 6 alkyl, Het-Q)-6alkyl, C3-7cycloalkyl-Co-6alkyl. Ar-Co-6alkyl, Het-Co_ 6 alkyl- 
U'-Ci^alkyl, C3-7cycloalkyl-Co-6alkyl-U*-Ci.6alkyl or Ar-Co-ealkyl-U'-Ci^alkyl; 
Ry is H, halo, -OR8, -SR8, -CN, -NRSR*. -N0 2 , -CF 3 , CF 3 S(0) r , -C0 2 R8, -COR8 or 

-CONR8 2< or Ci.6alkyl optionally substituted by halo, -OR8, -SR8, -CN, -NR8R ", 

15 -N0 2 , -CF 3 , R'S(0) 3 -, -C0 2 R8, -COR8 or -CONRS 2 ; 

U and V are absent or CO, CR8 2 . CC=CR8 2 ), S(0) c . O, NR8, CR80R8, CRg(OR k )CR82. 
CR82CR8(OR k ), C(0)CR82, CR82C(0), CONR', NR'CO, OC(O), C(0)0, C(S)0, 
OC(S). C(S)NR8, NR8C(S), S(0) 2 NR8, NR8S(0) 2 N=N, NR8NR8, NR8CR82, 
NR8CR8 2 , CR82O, OCR82, CR6=CRS, CS C , Ar or Het; 

20 a is 0,1, 2 or 3; 
b is 0, 1 or 2; 
c is 0, 1 or 2; 
u is Oor 1; 

and pharmaceuticatty acceptable" salts thereof/ 
25 Preferably, Q 1 , Q 2 , Q 3 and Q 4 are all CH, and u is 0. 

Suitably, R* is H and R" is H or CMalkyl. 
Suitably, W is -(CHR8) a -CONR i - or -(CHR8) a -NR'CO- 

A fibrinogen receptor antagonist is an agent that inhibits the binding of fibrinogen 
to.tl^nlatelejL-bQund fibrinogen.receptor CiPgb-IJIa. ManvXibrinogen. antagonists are 
30 known to the art. As used herein, the term "fibrinogen receptor antagonist template" 
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means the core structure of a fibrinogen receptor antagonist, said core containing an 
acidic group and being linked to an organic group substituted with a basic nitrogen 
moiety. Typically, the core structure adds some form of rigid spacing between the acidic 
moiety and the basic nitrogen moiety, and contains one or more ring structures or amide 
5 bonds to effect this. It is preferred that about twelve to fifteen, more preferably thirteen or 
fourteen, intervening covalem bonds via the shortest intramolecular path will exist 
between the acidic group of the fibrinogen receptor antagonist template and nitrogen of 
the o-amino substituent on the pyridine moiety in formula (I). It is an object of this 
invention that a fibrinogen receptor antagonist is converted to a vitronectin receptor 
antagonist by replacing the basic nitrogen group in a fibrinogen receptor antagonist with 
an optionally substituted pyrid-2-yl-amino group. In addition, the number of intervening 
covalent bonds between the acidic moiety and the nitrogen of the o-amino substituent on 
the pyridine ring will be about two to five, preferably three or four, covalent bonds shorter 
than the number of intervening covalent bonds between the acidic moiety and the basic 
nitrogen group of the fibrinogen antagonist. The identity of the linking m6iety W may be 
chosen to obtain the proper spacing between the acidic moiety of the fibrinogen 
antagonist template and the nitrogen atom of the pyridine. Generally, a fibrinogen 
antagonist will have an intramolecular distance of about 16 angstroms between the acidic 
moiety (e.g., the atom which gives up the proton or accepts the electron pair) and the 
basic moiety (e.g., which accepts a proton or donates and electron pair), while the 
vitronectin antagonist will have about 14 angstroms between the respective acidic and 
basic centers. 

For purposes of illustration, using the 7-2,3,4,5-tetrahydro-3-oxo-4-methyl- 
benzodiazepine fibrinogen antagonist template disclosed in WO 93/08174 as a suitable 
fibrinogen antagonist template, th & compound (R,S)-7.[[[4-(aminoiminomethyl) P henyl} 
amino]carbonyl]-4-(2-phenyiethyl)- 1 ,3,4,5-tetrahydro-3-oxo-2H- 1 .4-benzodiazepine-2- 
acetic acid, which is potent and selective fibrinogen antagonist, is convened to a potent 
and selective vitronectin receptor antagonist by replacing the 4- 
(aminoiminomethyl)phenyl moiety with the (pyrid-2-yl)ethyl moiety. As illustrated 
below in Figure 1, in the former case, there are sixteen intervening covalent bonds 
between the acidic moiety and the basic moiety; in the fibrinogent antagonist whereas, in 
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(P5D4O05), EP 612741, (Der 94-265886/33), Aug. 31, 1994, Himmelsbach, et al. 
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Muller, et a!.. Orally Activity of BIBU 104, a Prodrug of the Non-peptide Fibrinogen 

Receptor Antagonist BIBU 52, in Mice and Monkeys, Thromb. Haem. , 69, 975, 
1993. 
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WO 94/14848, July, 7, 1994, Zanetti. 
Univ. New York 
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In one particular embodiment, the fibrinogen receptor antagonist template A is the 
fused 6/7 ring bicyclic ring defined in Bondinell, et al., WO 93/00095, published January 
7, 1993, as defined by sub-formula (VI): 



A 1 to A 5 form an accessible substituted seven-membered ring, which may be 
saturated or unsaturated, optionally containing up to two heteroatoms chosen from the 
group of O, S and N wherein S and N may be optionally oxidized; 

D 1 to D 4 form an accessible substituted six membered ring, optionally containing 

up to two nitrogen atoms; 

R is at least one substituent chosen from the group of R 7 , or Q-Cj^alkyl, 
Q-C2-4alkenyl, Q-C2-*alkynyl, optionally substituted by one or more of =0, R 1 1 or R 7 ; 

R* is H, Q-Ci.6alkyl, Q-Ci. 6 oxoalkyl, Q-C2-6alkenyl, Q-C3-40xoalkenyl, 
CK^oxaaJkynyl, Q-C 2 -4alky nyJ, C3-6cycJ0alkyU.Ar .Qi Het„ optionally substituted by* «. .. 
one or more of R 1 1 ; 
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Q is H, C3_6cycloalkyl, Het or Ar; 

R 7 is -COR8, -COCR' 2 R9 -CCS)R8. -S(0) m OR\ -S(0) m NR'R", -PO(OR') 
-PO(OR , )2. -B(OR') 2 , -N0 2 and Tet; 

R8 is -OR". -NR'R", -NRS0 2 R\ -NR'OR', -OCR' 2 C(0)OR\ -OCR^OQO-R" 
5 -OCR^QONR^, CF 3 or AA > ; 

R9 is -OR', -CN, -S(0) r R\ S(0) m NR" 2 , -C(0)R' C(0)NR 2 or -C0 2 R'; 
R» is H, halo, -OR12, -CN. -NR'Rl2 . N q 2 , . C F 3 , CF 3 S(0) r . -C0 2 R\ -CONR' 2> 
Q-Co- 6 alkyl-. Q-C,. 6 oxoalkyl-, Q-C 2 . 6 alkenyl-, Q-C 2 . 6 alkynyl-, Q-Qj-fialkyloxy-, Q-C 0 . 
6alkylamino- or Q-Co-ealkyl-SCOV; 

R12 is R', - C (0)R\ -C(0)NR' 2 , -C(0)OR'5, -S(0) m R' or S(0) m NR 2 ; 
R^isR'.-CF^-SR'.or-OR'; 
R 14 is R\ C(0)R\ CN, NO2, S0 2 R' or C(0)ORl5; 
R' 5 is H, Ci.6alkyl or Ar-C(Malkyl; 

R' is H, Cj.6alkyl, C 3 _ 7 cycloalkyl-Co-4aIkyl or Ar-Co- 4 alkyl; 
1 5 R" is R\ -C(0)R' or -C(0)ORl5 ; 

R'" is R" or AA2; 

AAl is an amino acid attached through its amino group and having its carboxyl 
group optionally protected, and AA2 is an amino acid attached through its carboxyl 
group, and having its amino group optionally protected; 
20 m is 1 or 2; 

n is 0 to 3; 

pisOor l;and 

t is 0 to 2; or 

pharmaceutically acceptable salts thereof. 
25 With reference to formula (II), suitably, 

Ai is CRiRi', CR«, NRl, N, O or S(0) x ; 

A2 is CR2R2', CR2 t NR 2 ; 

A3 is CR3R3', CR3, NR3, N, O or S(0) x ; 

A 4 is CR 4 R 4 ', CR 4 , NR 4 , or N; 
30 * 5 isCR5R5\CR s ,HR5 t K t OorS(0) x ; 

D»-D 4 areCR>',CR6orN; 

R 1 and R I ' are R* or R, or together are =0; 

R 2 and R2" are R - , R or =0; 

R 3 and R3" are R*, R or =0; 
35 R4 and R 4 ' are R*. R or =0; 

■ R 5 and'R 5 -are-RVRor f =0«and^ ^ 
x is 0 to 2. 
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More suitably. A» is CR'R'", CR', NR>. N, O or S; A 2 is CR 2 R 2 ', NR* or CR2; 
A3 is.CR 3 R y ; A 4 is C R 4 R 4 ', CR 4 , NR 4 , or N; A 5 is CR 5 R 5 \ CR 5 , NR 5 , N, O; - D 4 
are CH; R 2 or R 4 are R; R 3 ,R 3 " and R 5 ,R 5 are =0 or R*,H. 

Preferably, A' is CHR 1 , CR 1 , NR", N or S; A 2 is CR 2 or CR 2 R 2 '; A 3 is CR 3 R 3 -, 
5 A 4 is CR 4 R 4 " or NR 4 ; A 5 is CR 5 R 5 ', and D 1 - D 4 are CH. 

In one embodiment, A 1 is CR 1 , A 2 is CR 2 , A3 is C=0. A 4 is NR 4 and A 5 are 

CHR 5 . 

In another embodiment, A» is NR', A 2 is CHCR 2 A 3 is CR3r3\ a 4 is NR 4 , and 
A 5 are C=0. 

10 In yet another embodiment, A 1 and A 4 are C=0, A 2 is NR 2 , A3 is CHR 3 ' and A 5 

is NR 5 . 

In a preferred embodiment, A 1 is NR 1 , A 2 is CHR 2 , A 3 is C=0, A 4 is NR' and A 5 
is CHR 5 . 

Representative sub-formulas of (II) are given by each of formulas (Ila)-(IIi) 

15 below: 




(Ila) 



20 






(Uc) 



(He) 



(n g ) 





(Hi) 



A preferred template is given by formula (HI): 
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(HI) 

wherein 

A'-A2 is NRi-CH. NC(0)R3-CH, N=C, CRl=C, CHRi-CH, O-CH or S-CH- 
R 1 is H, Cj. 6 alkyl or benzyl; 
R 2 is (CH 2 ) q C02H; 

R 4 is H. d^alkyl, Ar-Co. 6 alkyl, Het-Co-6alkyl, or Ca^cycIoalkyl-Co-ealkyl; and 
q is 1, 2 or 3. 

Preferably A'-A* is NH-CH and R2 is CH 2 C02H. Suitably, R3 is met hyl and W (as 

defined in formula (I)) is CH,NR'CO. Suitably Ri is substituted by NHR\ CN, C0 2 H, 

biotin, benzimidazole or optionally substituted phenyl. 

Specific examples of vitronectin antagonists employing this template are: 

(S)-2,3,4,5-Tetrahydrc>^memyl-3-oxo-7-[[[2-[2-(pyridinyl)arnino]ethyl]amino] 
carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid; 

(S)-2 t 3.4,5-Tetrahydrc^memyl-3-ox<>-7-[r[2-[(l-oxc>-2.pyridinyl)amino]ethyl] 
amino]carbonyl]- 1H- 1 ,4-benzodiazepine-2-acetic acid; 

(S)-23,4,5-Tetrahydro-3-oxo-7-[[[2-[2-(pyridinyl)aniino]emyl]amino]carbonyl]-lH-1.4- 
benzodiazepine-2-acetic acid; 

(S)-2,3,4,5-Tetrahydro-3-oxc-7-[[2-[2-(^ 

trifluoroethyl)-lH-l,4-benzodiazepine-2-aceUcacid; 

(±)-2,3,4,5-Tetrahydro-3-oxo-4-(phenylethyl}-7-[[[2-[2- 

(pyridinyl)amino]ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid; 
(S)-2.3,4,5-Tetrahydro-4-methyl-7-[[[2-[2-(6-methyl- 

pyridinyl)amino]ethyl]amino]carbonyl]-3-oxo- 1 H- 1 ,4-benzodiazepine-2-acetic acid; 
(S)-2J,4^-Tetrahydro-4-raethyl-3-oxo-7-[[[2-[2- 

(pyridmx!)amino]emyl]methylamino]carbony^lH-l,4-benzc<liazepw 

(±)-23,4,5-Tetrahydn>^-memyl-3-oxo.7.[[[2-[2.(pyri n udinyl)amino]ethyl]aim 
carbonyl]- 1H- 1 .4-benzodiazepine-2-acetic acid; 

<±)-2,3A5-Tetrahydro-4-mefoyl-7-[[2-[(6-mem^^^ 

carbonyl]-3-oxo-lH-l,4-benzodiazepine-2-acetic acid; and 

(±)-2,3,4,5-Tetrahydrc^memyl-3-oxo-7-[[2-[3-(pyridazinyl)anuno]emyl]aniino] 
carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid. 

A prcfencd compound is (S)-fc;3 ,4^5^Tetrahydro-4-methyi^3-oxo-?-([f2-[2- 
(pyridinyl)amino]ethyl]amino] carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid. 
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fibrinogen receptor template A is 



Another embodiment of a benzodiazepine 

R B ° (IV) . 



4 alkoxy.C,-4alkoxycarbonyi.r,^— * 

* CO(NR^ CH 2 N(R% methylened.oxy, CN, C0 2 R . 



10 



wherein: , r . ^alkoxvcarbonyl, F, CI, Br, L, CF3, OR f , 

Y is H. CMalkyl, Ci-4alkoxy. CM^oxycai 

S( 0) k R f ,COR f ,N0 2 ,N(R f )2, 
OC(0)R f ,orNHC(0)R f ;and 
Rh is (CH 2 )qC02R f • 



Table II 



15 





or 





wherein:- z-COotfor Z-CON(R<)2 with the proviso that one of 

20 R 2 > and R 22 independently are H or -Z-COoK 

~->\ d22;c 7-COR f or Z-CON(R f )2; 

fH-CH- -C(CH 3 )=CH-, CH 2 -CH=CH- or CH=CHCH 2 , and 
CH=CH-, U«~"3> CF3,OR f .S(0) k R f , 
v , H C, 4alkyl C^alkoxy, CMalkoxycarbonyl. F, CI Br. L CF3. 

2 Zos2 All, et a!.. EP 0 38 1 033. published August S. 1990. 



-21 - 



PCT/USW/J0327 




5 



10 



wherein: 

OC(0)Rf or NHCCO)Rf CH 2N(R f h. methylenedioxy, CN, CC^Rf 

disclosed i„ Egbertson. et ai., EP 0 478 328 

or v 478 328, published April 1, 1992. 

om 

1-5 wherein: 

M 1 isCHorN; 

M2 is CH or N, with the proviso that when M 1 is CH M2 • w 

G is N or N®R", s CH ' " N; and 

discJosedinEJdred,etaI EP0*w*« . 
20 *- tP 0542 3 «. published May 19, 1993 

wherein: ' C^COjB' 

M'isCHorN; and 
M 2 is CH or N u/irh «t. 

25 disclosed in Pone, «7t^Z *" ^ b M * * * 

- ° 537 980 « Polished April 21. 1993. 
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wherein: 

OC(0)R f ,orNHC(0)R f ; 

D 3 is CH 2 or C=0; and 

Rh is (CH 2 )qC02R f . 5 
• i, ,,i FP 0 635 492, published January 25, 
10 disclosed in Klmmck, et al., EP 0 biX^A p 

o ^ 

N 




wherein: .^koxvcarbonyl, F, CI, Br, I, CF3. 0 Rf « 

OC(0)R f ,orNHC(0)R f ; 

Rh is (CH 2 )nC0 2 R f ; and 





20 



— K II _ 

L-C02R 9 




is -CCONRMCH,)-, -CCOMCH,),-. NRMCH*. or 
disclosed in Hartman, 



wherein: 

L* 



25 ' S(0)k "™ ■ „ ^ Ep o 540 331. pushed May 5. 1993 
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\ P CH 2 — ' CO g R 9 

disclosed in Sugihara, et a J., EP 0 529 858 „, w . , 

o^y.858, published March 3 1993 



.0 



5 



wherein: 




OC(0)Rf or NHC(0)Rf L "2N(Rf) 2 , methyJenedioxy, CN. CC^Rf, 

10 disc,osed in Himmeisbach, et aJ EP 0 48^-7 . 

0 483 667, published May 6 19 92 




■N 



disclosed in Linz et aJ pp n 

' ^ EP ° 567 968 ' Polished November 3, 1 993 



(XV} 
2" 



15 t^°* rb 

wherein: 

Rd "Het-Cb^alkyl; and 
OW. or OH."' 2 " to * P " i -*' - ***<*«.. CMaiicyi. halo. ORf . CN. S ( 0> lR . 

10 ^^r^' ^ ° 539 W - **«— Aprii 28 ,993 
The above descriptions of fihr,„« ' 

made » such pa teM app]ic T ons H*-*-. Reference should u 

Possible for such t lMes * . *"' r «* *•*-«. including ,be vana,i 0 „ s 

In cases wherein th^ ~~ y rererence. 

— * -ess^r^r::^ inv r n may hav ° — — — 

which may be sy„,hesized and resolved bv MC '™ ni< ^ "onracenic cornpound ~ , 

1 me cis (Z) and trans (E) 
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isomers are within the scope of this invention. The meaning of any substituent at any one 
occurrence is independent of its meaning, or any other substituent's meaning, at any other 
occurrence. ' 

Abbreviations and symbols commonly used in the peptide and chemical arts are 
5 used herein to describe the compounds of this invention. In general, the amino acid 

abbreviations follow the IUPAC-IUB Joint Commission on Biochemical Nomenclature as 
described in Eur, 7. Biochem., 158, 9 (1984). 

Ci-4alkyl as applied herein means an optionally substituted alkyl group of 1 to 4 

carbon atoms, and includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t- 

10 butyl. Ci_6alkyl additionally includes pentyl, n-pentyl, isopentyl, neopentyl and hexyl 
and the simple aliphatic isomers thereof. Q)-4alkyl and Co-salkyl additionally indicates 
that no alkyl group need be present {e.g., that a covalent bond is present). 

Any Chalky! or Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl or oxoalkyi may be 
optionally substituted with the group R x , which may be on any carbon atom that results in 

15 a stable structure and is available by conventional synthetic techniques. Suitable groups 
for R x are Ci- 4 alkyl, OR 1 , SR\ Ci^aikyl, Ci^alkylsulfonyl, Cj^alkylsulfoxyl, -CN, 
N(R')2, CH 2 N(R') 2 , -N0 2 , -CF 3 , -C0 2 R\ -CON(R) 2 , -CO R\ -N R'C(O) R\ OH, F, CI, 
Br, I, N3 or CF3S(0) r -,wherein r is 0 to 2 and R' is as defined with respect to formula (II). 
Ar, or aryl, as applied herein, means phenyl or naphthyl, or phenyl or naphthyl 

20 substituted by one to three substituents, such as those defined above for alkyl, especially 
CMalkyl, CMalkoxy, Ci_4alkthio, CO2H, N3, trifluoroalkyl, OH, F, CI, Br or I. 

Het f or heterocycle, indicates an optionally substituted five or six membered 
monocyclic ring, or a nine or ten-membered bicyclic ring containing one to three 
heteroatoms chosen from the group of nitrogen, oxygen and sulfur, which are stable and 

25 available by conventional chemical synthesis. Dlustrative heterocycles are benzofuryl, 
benzimidazole, benzopyran, benzothiophene, biotin, furan, imidazole, indoline, 
morpholine, piperidine, piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, 
thiazole, thiophene, quinoline, isoquinoline, and tetra- and perhydro- quinoline and 
isoquinoline. Any accessible combination of up to three substituents on the Het ring, 

30 such as those defined above for alkyl that are available by chemical synthesis and are 
stable are within the scope of this invention. 

C3-7cycloalkyl refers to an optionally substituted carbocyclic system of three to 

seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds. 
Typical of C3.7cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, 
35 cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents, 
such as those defuied.abqve for. alkyl, on the cycloalkyl ring Jthat is available by . 
conventional chemical synthesis and is stable, is within the scope of this invention. 
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The ring represented by is a six . membered ring containing at ^ 

one nitrogen which is substituted in the 2 position with a nitrogen atom. The ring may 
optionally have an additional nitrogen atom in the ring, and hence may be a pyrazine 
pyridazine or a pyrimidine. The substituent Ry may be in any position on Ql - Q4 which 
5 results in a stable structure. It will be apparent that when the value of u is 1 the 

compound described will be an N-oxide; whereas, when the value of u is 0 there is no 
oxygen substituent on the nitrogen. A pyridine ring is preferred. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary butyl 
radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the 
10 fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 
benzyloxycarbonyl radical, BrZ refers to the o-bromobenzyloxycarbonyl radical. C1Z 
refers to the o-cbJorobenzyloxycarbonyl radical, Bzl refers to the benzyl radical 4-MBzl 
refers to the 4-methyl benzyl radical, Me refers to methyl, Et refers to ethyl, Ac refers to 
acetyl. Alk refers to C^aikyl, Nph refers to 1- or 2-naphthyl and cHex refers to 
15 cyclohexyl. Tet refers to 5-tetrazolyl. 

Certain reagents are abbreviated herein. DCC refers to dicyclohexylcarbodiimide. 
DMAP refers to dimethylaminopyridine, DIEA refers to diisopropylethyl amine, EDC 
refers to l<3-dimethylaminopropyl).3-ethylcarbodiimide, hydrochloride. HOBt refers to 
1-hydroxybenzotriazole, THF refers to tetrahydrofuran, DIEA refers to 
20 diisopropylethylamine, DME refers to dimethoxyethane, DMF refers to 

dimethylformamide. NBS refers to N-bromosuccinirnide, Pd/C refers to a palladium on 
carbon catalyst, PPA refers to 1 -propanephosphonic acid cyclic anhydride, DPPA refers 
to diphenylphosphoryi azide, BOP refers to benzotriazol-l-yloxy-tris(dimethyl- 
amino)phosphonium hexafluorophosphate. HF refers to hydrofluoric acid, TEA refers to 
25 triethyiamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium 
chlorochromate. 

Compounds of the fonnula (I) are generally prepared by reacting a compound of 
formula (XVI) with a compound of formula (XVII), wherein L» and are groups which 
may react to form a covalent bond in the moiety W, by methods generally known in the 
30 an. 
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(XVI) (XVII) (I) 

Typical methods include coupling to form amide bonds, nucleophilic 

displacement reactions and palladium catalyzed couplings. 
5 For instance, when W contains an ether or amine linkage, the bond may be formed 

by a displacement reaction, and one of L 1 and L 2 will contain an amino or hydroxy group 

and the other will contain a displaceable group, such as a chloro, bromo or iodo group. 

When W contains an amide bond, typically one of L 1 and L 2 will contain an amino group, 

and the other will contain a carboxylic acid group. In another approach, L l may be an 
10 aryl or heteroaryl bromide, iodide or trifluoromethylsulfonyloxy derivative and L 2 may 

contain an amino group and the amide linkage may be formed by palladium-catalyzed 

aminocarbonylation with carbon monoxide in a suitable solvent such as 

dimethylformamide or toluene. 

It will be apparent that the precise identity of L 1 and L 2 will be dependent upon 
15 the site of the linkage being formed. General methods for preparing the linkage - 

(CHR")r-U-(CHR H ) s -V- are described, for example, in EP-A 0 372 486 and EP-A 0 381 

033 and EP-A 0 478 363, which are incorporated herein by reference. 

For instance, if V is CONH, L 1 may be -NH2, L 2 may be OH (as in an acid) or CI 

(as in an acid chloride). For instance, (pyrid-2-yl) aminomethyl(CH2) a -COCl may be 
20 reacted with a suitable amine. When L 2 is OH, a coupling agent is used. 

Similarly, if V is NHCO, L 1 may be -CO2H or CO-C1, L 2 may be -NH 2 . For 

instance, (pyrid-2-yl)aminomethyI(CH2) a -NHR' may be reacted with a suitable 

carboxyolic acid. 

Where V is NHS0 2 , Ll may be S0 2 C1, L 2 may be -NH 2 as above. Where V is 
25 S0 2 NH, L 1 may be -NH 2 and L 2 may be S0 2 C1. Methods to prepare such sulfonyl 
chlorides are disclosed, for instance, in 7. Org. Chem., 23, 1257 (1958). 
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If V is CH=CH, L 1 may be -CHO. L 2 may be CH=P-Ph 3 . Alternately, U may be 
CH=P-Ph3 and L 2 may be CHO. For instance, (pyrid-2-yl)aminomethyl (CH2) a -CHO 
may be reacted with a suitable phosphorane. 

Where V is CH2CH2 may be obtained by reduction of a suitably protected 
5 compound wherein V is CH=CH. 

Where V is CH 2 0, CH 2 N or Cs C , U may be -OH, -NH or -Cm C H,respectively; 
L 2 may be -Br or -I. Similarly where U or V is OCH 2 , NR'CH 2 or C= C , V may be - 
CH 2 Br and L 2 may be -OH, -NH or -CSCH, respectively. For example, (pyrid-2- 
yl)aminomethyl(CH2) a -Br may be reacted with an appropriate amine, alkoxide or 
10 acetylene. Alternately, when U or V is cs C , U may be Br, I or CF3SO3, L z may be 
cs c H and the coupling may be catalyzed by palladium and a base. 

Compounds wherein V is CHOHCH 2 may be prepared from a suitably protected 
compound where V is CH=CH by the procedure disclosed in J. Org. Chem., 54, 1354 
(1989). 

15 Compounds wherein V is CH 2 CHOH may be obtained from a suitably protected 

compound where V is CH=CH by hydroboration and basic oxidation as disclosed in Tet. 
Lett., 31, 231 (1990). 

The core 6-7 fused ring fibrinogen template of formula (II) is prepared by methods 
well known in the art, e.g., Hynes, et al, /. Het. Chem., 1988, 25, 1 173; Muller, et al., 
20 Helv. Chim. Acta., 1982. 65, 21 18; Mori, et al., Heterocycles, 1981, 16, 1491. Similarly, 
methods for preparing benzazepines, 1,4-benzothiazepines, 1,4-benzoxazepines and 1,4- 
benzodiazepines are known and are disclosed, for instance, in Bondinell, et al. 
International Patent Application WO 93/00095. 

Representative fibrinogen antagonist templates may be prepared according to 
25 Schemes A - CC, which follow: 
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Scheme A describes a method of preparing exemplary fibrinogen receptor 
templates described in Blackburn, ex. aL, WO 93/08174. 

Scheme A 



O 




a) COC12. Na2C03, toluene; b) fi-alanine benzyl ester tosylate, DMAP, pyridine; c) 
CH31, 2,6-lutidine, DMF; d) a-bromoacetyl bromide, Et3N, CH2CI2; e) NaH, DMF, f) 
Pd(OAc)2. dppf, CO. DMSO, 65°C, 18 h; g) N-(2-pyridinyl)ethylenediamine, EDC, 
10 HOBT H2O, DffiA, CH3CN; h) H2, 10% Pd/C, EtOH. 
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Scheme B describes a method of preparing exemplary fibrinogen receptor 
templates described in Blackburn, et. al., WO 95/04057. 



CO,H 



fx 



Scheme B 
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CO,Et 
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a) COC12. NaHC03, toluene; b) P-alanine ethyl ester hydrochloride, DMAP, pyridine- c) 
a-bromoacejyl bromide, Et 3 N, CH 2 C1 2 ; d) NaH, DMF; e) Lawesson's reagent THF 
50°C. 2 h; f) CH3I. NaOH, (n-Bu)4N.HS0 4 , CH 2 C1 2 /H 2 0, RT, 2 h; g) propargyl amine 
10 toluene, pyridine hydrochloride, reflux, 6 h; h) Pd(OAc) 2 , dppf, CO, DMSO, 65 U C, 1 8 h; 
i) N-{2-pyridinyl)ethylenediamine, EDC, HOBTH2O. DIEA, CH3CN; j) LiOH HoO 
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Scheme C describes a method of preparing exemplary fibrinogen receptor 
templates described in Porter, et al., EP 0542363. 



Scheme C 




a) NaBH3CN, HC1, CH3OH; b) HC1, dioxane, CH2CI2; c) l-chloro-3-[(2- 
pyridinyl)amino]propane, DIEA, THF; d) NaOH, H20, CH3OH. 

1 0 Scheme D describes a method of preparing exemplary fibrinogen receptor 

templates described in Porter, et aL, EP 0537980. 



Scheme D 




a) l-chkwo-3-{('2-pyridinyl)aminoJpropane^ DIEA, THF; b) NaOH, H2O, OH3OH* < 
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D-l is alkylated with l-chloro-3-[(2-pyridinyl)amino]propane with DIEA in THF, 
the resulting ester is saponified with NaOH in aqueous CH3OH to give D-2. 
Alternatively, the tert-butyl ester can be cleaved with TFA or HC1 in a suitable solvent 
such as CH2CI2 or dioxane. 

5 Scheme E describes a method of preparing exemplary fibrinogen receptor 

templates described in Porter, etal., EP 0542363. 



10 
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a) NaBH3CN, HC1, CH3OH, EtOH, molecular sieves; b) TFA, CH2CI2; c) 2- 
chloropyridine-N-oxide, NaHC03, butanol; d) HCO2K, 10% Pd/C, CH30H- e) IN 
NaOH. CH3OH. 

15 Reductive amination of E-l with E-2 using NaBH3CN, HC1, and molecular sieves 

in CH3OH and EtOH, followed By treatment of the product with TFA in CH2CI2 gives 
E-3. Treatment of E-3 with 2-chloropyridine-N-oxide and NaHC03 in butanol with 
heating, followed by reduction of the N-oxide with HCO2K and 10% Pd/C in CH3OH 
and saponification of the ethyl ester with IN NaOH in CH3OH gives E-4. 
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Scheme F describes a method of preparing exemplary fibrinogen receptor 
templates described in Porter, ex aL. EP 0537980. 



Scheme F 





4 OH 



a) NaBH3CN, HC1, CH3OH, EtOH, molecular sieves; b) TFA, CH2CI2; c) 2- 
chloropyridine-N-oxide, NaHCC>3, butanol; d) HCO2K, 10% Pd/C, CH3OH; e) IN 
NaOH, CH3OH. 

10 

Reductive amination of F-l with F-2 using NaBHSCN, HC1, and molecular sieves 
in CH3OH and EtOH, followed by treatment of the product with TFA in CH2CI2 gives 
F-3. Treatment of E-3 with 2-chloropyridine-N-oxide and NaHC03 in butanol with 
heating, followed by reduction of the N-oxide with HCO2K and 10% Pd/C in CH3OH 
15 and saponification of the ethyl ester with IN NaOH in CH3OH gives F-4. 
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Scheme G describes a method of preparing exemplary fibrinogen receptor 
templates described in Beavers, ex a/., WO 95/2509 1 . 



Scheme G 
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a) N-[2-(pyridinyl)amino]butyric acid, BOP-C1, NMM, CH2CI2; b) LiOH, H2O, THF; c) 
p-alanine benzyl ester, EDC, HOBT, NMM, CH2CI2; d) H2, 10% Pd/C, AcOH THF ' 
H2O. 

10 

Following the procedures of Beavers, et al., WO 95/25091, Example 1, except 
substituting N-[2-(pyridinyl)amino]butyric acid, for N a -Boc-D-lys(Cbz)-OH, gives F-4. 
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Scheme H describes a method of preparing exemplary fibrinogen receptor 
templates described in Hartman, et al., EP 0540334. 



Scheme H 




a) N-(2-pyridinyl)ethylenediamine, Et3N, benzene; b) 1.0 N LiOH, H2O, CH3OH; c) 0- 
alanine ethyl ester, BOP, Et3N,CH3CN; d) LiOH, H2O, THF, CH3OH. 

1 0 Dimethyl 4-(bromomethyl)benzene-l ,3-dicarboxylate, H-l, is treated with a 

suitably functionalized amine, such as N-<2-pyridinyl)ethylenedianiine, under the general 
conditions described for 2,3-dihydro-N-(2-carboxy-ethyl)-2-[2-(piperidinyl)ethyl]-3-oxo- 
lH-isoindoIe-5-carboxamide in Hartman, et al., EP 0540334, to give H-4. 
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Scheme I describes a method of preparing exemplary fibrinogen receptor 
templates described in Egbertson. et al., EP 0478363. 



Scheme II 
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a) 4-[(2-pyridinyl)amino]butanol, Ph3P, DEAD, CH2CI2, benzene; b) 1.0 N LiOH THF 
H2O. 



10 N-(n-ButylsulfonyI)-L-iyrosine methyl ester, 1=1, is treated with a suitably 

functionalized alcohol, such as 4-[(2-pyridinyl)amino]butanol, to give 1-3. 
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Scheme J describes a method of preparing exemplary fibrinogen receptor 
templates described in Duggan, ei al., J. Med. Chem. 1995, 38, 3332. 



Scheme J 




a) pivaloyl chloride, Et3N THF, (S)-4-benzyl-2-oxazolidinone; b) Ti(0-/-Pr)Cl2. 
acrylonitrile, DIEA, CH 2 Cl2; c) H 2 , Pt02, CH 3 OH, CHCI3; d) NaHC0 3 , CH3CN; e) 
NaHMDS, ethyl bromoacetate; f) 1 N NaOH, CH3OH; g) 3(R)-methyl-P-alanine ethyl 
10 ester HC1 , EDC, HOBT, Et 3 N, DMF; h) 1 N NaOH, CH3OH. 

A suitably functionalized carboxylic acid, such as 5-[(pyrid-2-yl)amino]pentanoic 
acid, J-l, is activated and reacted with a chiral auxiliary such as lithium (S)-4-benzyl-2- 
oxazolidinone to form a chiral Evans reagent. Alkylation of the titanium enolate with 
1 5 acrylonitrile, followed by nitrile reduction and lactam formation affords lactam J-2. 
Alkylation of the lactam with agents such as ethyl bromoacetate followed by ester 
saponification yields the carboxylic acid J-3. The resulting carboxylic acid derivative J-2 
is convened to an activated form of thercarboxylic acia v asm£; for example, EDC and 
HOBt, or SOCI2, and the activated form is subsequently reacted with an appropriate 
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amine, for instance the 3(R)-methyI-P-alanine ethyl ester, in a suitable solvent such as 
DMF, CH 2 C1 2 . or CH3CN. Depending on whether acid neutralization is required, an 
added base, such as DffiA or pyridine, may be used. Many additional methods for 
converting a carboxylic acid to an amide are known, and can be found in standard 
5 reference books, such as "Compendium of Organic Synthetic Methods", Vol. I - VI 
(published by Wiley-Interscience), or Bodansky, "The Practice of Peptide Synthesis" 
(published by Springer-Verlag). Hydrolysis of the ethyl ester is accomplished according 
to the general conditions described for the conversion of J-2 to J-3, to provide the 
carboxylic acid JM. Alternatively, the intermediate carboxylate salt of can be isolated, if 
1 0 desired, or a carboxylate salt of the free carboxylic acid can be prepared by methods well- 
known to those of skill in the art. 
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Scheme K describes a method of preparing exemplary fibrinogen receptor 
templates described in WO 93/07867. 



Scheme K 




a) 2-chloropyridine N-oxide hydrochloride, NaHC03, tert-amyl alcohol; b) HCO2NH4, 
Pd/C EtOH; c) TsCl, NaH, THF; d) p-TsOH H 2 CX acetone, H2O; e) NH2OH HC1, 
NaOAc, CH3OH; 0 NCS, DMF; g) ten-butyl 3-butenoate, Et3N; h) 4M HC1, dioxane, 
10 CH2CI2; i) ethyl 3-aminobutyrate, EDC. HOBt*H20, DIEA, CH3CN; j) 1.0 N LiOH, 
THF;»20: n " * 
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Readily available 2-(3-aminopropyl)-l,3-dioxolane. K-l. Chem. Pharm. Bull. 
1982, 30, 909-914, is converted to the pyridyl derivative K-2 according to the general 
protocol described by Misra, Bioorg. Med. Chem. Lett. 1994. 4, 2165-2170. Protection of 
one of the nitrogen atoms of the aminopyridine moiety in K-2 can be accomplished by 
5 reaction with a sulfonyl chloride, for instance p-toluenesulfonyl chloride, in the presence 
of a suitable base, generally NaH or an aqueous alkali metal hydroxide, in an inert 
solvent, preferably THF, to afford K-3. Alternative protecting groups known to those of 
skill in the art may be used, as long as they are compatible with the subsequent chemistry 
and can be removed when desired. Such protecting groups are described in Greene, 
10 "Protective Groups in Organic Synthesis" (published by Wiley-Interscience). Removal of 
the dioxolanyl protecting group of K-3 to afford the aldehyde K=4 can be conveniently 
accomplished under mild acidic conditions, such as p-toluenesulfonic acid, in an 
appropriate solvent, preferably aqueous acetone. The aldehyde is converted to the 
aldoxime K-S by standard procedures known to those of skill in the art, and this aldoxime 
1 5 is oxidized to the oximinoy 1 chloride derivative K-6 by the methods described in WO 
95/14682 and WO 95/14683. Reaction of K-6 with an olefin, such as tert-butyl 3- 
butenoate (Tet. Lett. 1985, 26, 381-384). in the presence of a suitable base, for instance 
Et3N or DIEA. in an inert solvent such as benzene or toluene, according to the protocol 
described in WO 95/14682 and WO 95/14683. gives the cycloadduct K~7. The tert-butyl 
20 ester of K°7 is removed under standard acidic conditions, generally TFA in CH2CI2 or 
HC1 in dioxane, to give the carboxylic acid K-8. The carboxylic acid is activated using, 
for example, EDC and HOBt, or SOCl 2 , and the activated form is subsequently reacted 
with an appropriate amine, for instance a suitable derivative of 0-alanine. in a neutral 
solvent, such-as DMF, CH2CIZ. or CHjCN, to afford K-fc Depending on whether acid - 
25 neutralization is required, an added base, such as DIEA or pyridine, may be used. Many 
additional methods for converting a carboxylic acid to an amide arc known, and can be 
found in standard reference books, such as "Compendium of Organic Synthetic Methods", 
Vol. I - VI (published by Wiley-Interscience), or Bodansky, "The Practice of Peptide 
tf Synthesis" (pubUshed by Springer-Verlag). Derivatives of P-alanine are readily available 
30 in either racemic or optically pure form by a variety of methods known to those of skill in 
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the art. A representative method is described in WO 93/07867. The ethyl ester and 
sulfonyl protecting groups of K-9 are removed using aqueous base, for example, LiOH in 
aqueous THF or NaOH in aqueous CH3OH or EtOH. The intermediate carboxylate salt 
is acidified with a suitable acid, for instance TFA or HC1, to afford the carboxylic acid K- 
5 10. Alternatively, the intermediate carboxylate salt can be isolated, if desired, or a 
carboxylate salt of the free carboxylic acid can be prepared by methods well-known to 
those of skill in the art. 

Scheme L describes a method of preparing exemplary fibrinogen receptor 
templates described in Alig, et a/., EP 0372486. 



Scheme L 




o o 

2 





a) N-(2-pyridinyl)-P-alanine, EDC, DEA, DMF; b) NaOH, H2O, CH3OH. 
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L-l. prepared as described in Alig et al., EP 0372486. is condensed with a suitable 
substituted carboxylic acid, such as N-(2-pyridinyl)-0-alanine, in the presence of EDC 
and DIE A, and in a suitable solvent, e.g., DMF or CH 3 CN, to give L-2. Many additional 
methods for converting a carboxylic acid to an amide are known, and can be found in 
5 standard reference books, such a "Compendium of Organic Synthesis". Vol. I- VI 
(published by Springer- Verlag). Hydrolysis of the ester in L-2 is accomplished by 
saponification with a suitable reagent, e.g., NaOH, in a suitable solvent, e.g., aqueous 
CH3OH. Alternatively, the benzyl ester in L-2 may be converted to the acid by treatment 
with hydrogen and a suitable catalyst, e.g., Pd/C, in a suitable solvent, e.g., CH3OH, 
10 EtOH, or AcOH. 
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Scheme M describes a method of preparing exemplary fibrinogen receptor 
templates described in Alig, et al. 9 EP 0505868. 



Scheme M 




5 3 

a) N-(2-pyridinyl)-P-aIanine, EDC, DIEA, DMF; b) CF3CO2H, CH2CI2. 

M-l, prepared as described in Alig et al., EP 0505868, is condensed with a 
10 suitable substituted carboxylic acid, such as N-(2-pyridinyl)-|5-alanine, in the presence of 
EDC and DIEA, in a suitable solvent, e.g., DMF or CH3CN, to give M-2. Many 
additional methods for converting a carboxylic acid to an amide are known, and can be 
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found in standard reference books, such as "Compendium of Organic Synthesis", Vol. I- 
VI (published by Springer- Verlag). Hydrolysis of the ester in M-2 is accomplished with 
trifluoroacetic acid or hydrogen chloride to give M-3. Alternatively, the ester in M-2 may 
be saponified with a suitable reagent, e.g., IN NaOH, in a suitable solvent, e.g., CH3OH. 

Scheme N describes a method of preparing exemplary fibrinogen receptor 
templates described in WO 93/07867. 




CO z CH 3 




COjH 




co 2 et 
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a) 3-(carbomethoxy)propionyl chloride, DIEA, CH2CI2; b) 1.0 N NaOH. CH3OH; c) 
ethyl 3-amino-4-pentynoate. EDC, HOBt H2O, DIEA. CH3CN; d) 1.0 N LiOH. THF, 
H2Q. 
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Scheme P describes a method of preparing exemplary fibrinogen receptor 
templates described in Himmelsbach, el. a/., AU-A-86926/9 1 . 



Scheme P 




a) 4-I(6-amino-2-pyridinyl)methyl]phenoI ( CS2CO3, DMF; b) IN NaOH, CH3OH. 

Compound P-l, prepared as described by Himmelsbach, et a/., AU-A-86926/9 1, 
1 0 Example VI(28), is treated with a suitable substituted phenol, such as 4-[2-[2- 

(pyridinyI)amino]ethyl]phenol, following the general method of Himmelsbach et al., 
Example 3(51), to give P-2. The tert-butyl ester in P-2 is hydrolyzed with IN NaOH in 
CH3OH to give P-3. Alternatively, the tert-butyl ester may be cleaved with TFA or HC1 
in a suitable solvent such as CH2C12- 
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Scheme Q describes a method of preparing exemplary fibrinogen receptor 
templates described in Linz. et aL, EP 0567968. 



Scheme Q 




a) N-(2-pyridinyl)ethylenedianune, Ph2POCl, Et3N, DMAP, THF; b) NaH, 
BrCH2C02CH3, DMF; c) KOtBu, CH3I, DMF; e) LiOH, H2O, THF. 

Following the procedures of Linz, et aL, EP 0567968, except substituting N-(2- 
pyridinyl)ethylenediamine for 4-cyanoaniline, gives Q-5. 
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Scheme S describes a method of preparing exemplary fibrinogen receptor 
templates described in Wayne, et al., WO 94/22834. 



Scheme S 




C0 2 CH 3 




N NH 



CO a CH 3 



N NH 



CH 3 O 



I 



CH, Q 



r 



CO,CH, 



CO z CH 3 



CO z H 




N-methyl-N , -(2-pyridinyl)ethyIenediamine, CH3CN; b) IN NaOH, CH3OH 

Following the procedures of Wayne, et al., WO 94/22834, Example 3-4, 
bstimting N-methyNN^2-pyridinyI)eth y lenediamine for l-(4- P yridyl) P iperazi 
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Scheme U describes a method of preparing exemplary fibrinogen receptor 
templates described in Alig, et al.+ EP 0381033. 

Scheme U 



5 




a) (Boc)20, NaOH, dioxane, H2O; b) BrCH2C02CH3, K2CO3, acetone; c) 4M HC1, 
dioxane; d) N-(2-pyridinyl)-0-alanine, EDC, DIEA, DMF; e) IN NaOH, CH3OH. 

10 U-l is treated with di-tert-butyl dicarbonate and sodium hydroxide in aqueous 

dioxane to afford -11-2^ which & alkylated on the phenolic oxygens with mefcbyU 
bromoacetate and potassium carbonate in acetone to give U-3. The Boc group in U-3 is 
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removed with hydrogen chloride in dioxane, and the resulting U-4 is acylated on nitrogen 
with N-(2-pyridinyl)-(5-alanine, EDC and DIEA in DMF to give U-5. The methyl esters 
in U-5 are cleaved by treatment with 1M NaOH in CH3OH to give U-6. 

Scheme V describes a method of preparing exemplary fibrinogen receptor 
5 templates described in Himmelsbach, et al., EP 0587 1 34. 



Sdheme V 




5 



10 a) glycolaldehyde dimer, NaBH3CN, H2O, CH3CN, pH 6-7; b) N-(2- 

pyridinyl)ethylenediamine, COCI2; c) CH3SO2CI, Et3N, CH2CI2; d) Nal, KN(TMS)2 
THF, acetone, reflux; e) NH2NH2 H2O; 0 1 N NaOH, EtOH. 
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1987, 30, 2208-2216. The isoquinoline is treated with a haloacetic acid ester in the 
presence of a tertiary amine to afford the 2-acetic acid ester, as exemplified by compound 
W-2. The 6-methoxy compound is converted into the corresponding 6-hydroxy 
compound by methods known in the art, for example with BBr3, which is converted into 
5 the triflate with trifluorosulfonic acid anhydride. PaJladium-catalyzed carbonylation 
affords the 6-carboxy compound, such as compound W-5, which is then condensed with 
an amine, as exemplified by N-(2-pyridinyl)ethylenediamine, employing a standard amide 
bond forming reagent to give the desired amide, such as compound W-6. Saponification 
affords the title compound of Example W, W-7. Alternatively, the palladium-catalyzed 
10 carbonylation reaction with the triflate, exemplified by compound W-4, may be trapped 
with N-(2-pyridinyl)ethylenediamine to provide, after saponification, W-7. 
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Scheme X provides a method for the preparation of 3.4-dihydroisoquinolin-l-one 
compounds as exemplary fibrinogen receptor antagonists, as described M. J. Fisher et aL, 
EP 0635492. 



MeO 



ScDiemnxs X 
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NH 
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HO 
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UJ Sr N 
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N CO z Et 
6 O 
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7 O 




e HO.C 




a> 1. LiN(TMS)2. 2. ClCH2CC>2Et, DMF; b) BB13, CH2CI2; c) (CF3S02)20, pyridine; 
1 0 d) CO, Pd(OAc)2. PPh3, DIEA, NMP, NH4HCO3, H2O; e) N-(2- 

pyridinyl)ethylenediamine, EDC, HOBt, DIEA. DMF; f) N-(2-pyridinyl)ethylenediamine, 
CO, Pd(OAc)2, PPh3, DIEA, NMP, NH4HCO3, H2O; g) IN NaOH, EtOH. 
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Accordingly, the 1-oxo compound X-l, prepared by the method described by D. J. 
Sail and G. L. Grunewald, J. Med. Chem. 1987, 30, 2208-2216, is treated with a base, 
such as LiN(TMS)2, and a haloacetic acid ester to give a 2-acetic acid ester, as 
exemplified by compound X-2. The 1-oxo compound is then employed in the analogous 
5 series of reactions deployed in Scheme U, substituting the corresponding 1-oxo analog, as 
shown in Scheme U, to provide the title compound of Example X, X-7. As in Scheme U, 
alternatively, the palladium-catalyzed carbonylation reaction with the triflate, exemplified 
by compound X-4, may be trapped with an amine, as exemplified by N-(2- 
pyridinyl)ethylenediamine, provides, after saponification, the amide exemplified by the 
10 title compound of Example X, X-7. 

Scheme Y provides a method for the preparation of 6-acylaminotetraline 
compounds as exemplary fibrinogen receptor antagonists, as described M. J. Fisher et al y 
EP 0635492. 

1 5 Scheme Y 




a) N-(2-pyridtnyI)-Manine, EDC, HOBt, DIEA, DMF; b) TFA, CH2CI2. 

20 

Accordingly, a 6-amino-2-tert-butyloxycarbonyl-tetral-l-one, exemplified by 
compound Y-l, which is prepared according to the methods described in M. J. Fisher et 
a/., EP 0635492, is condensed with an activated derivative of a carboxylic acid obtained 
N-(2-pyridinyl)-P-alanine to provide, after deesterification, the amide Y-2. 
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Scheme Z provides a method for the preparation of 6-aminoacyltetralin 
compounds as exemplary fibrinogen receptor antagonists, as described M. J. Fisher el a., 
EP 0635492. 



Scheme Z 




5 



a) (CF3S02)0, pyridine; b) CO, Pd(OAc)2, PPh3, DIEA, NMP, NH4HCO3, H2O; c) N- 
10 (2-pyridinyl)ethylenedi amine, EDC, HOBt, DIEA, DMF; d) N-(2- 

pyridinyl)ethylenediamine, CO, Pd(OAc)2, PPh3, DIEA, NMP, NH4HCO3, H2O; e) IN 
NaOH, EtQH; 

Accordingly, an ethoxycarbonylmethyl-6-hydroxy-tetral- 1 -one, exemplified by 
15 compound Z°l, which is prepared according to the methods described in M. J. Fisher et 
at, EP 0635492, is treated with triflic anhydride to provide the triflate, as exemplified by 
compound Z-2, which is employed in a palladium-catalyzed carbonylation reaction to 
afford a carboxylic acid, such as compound Z-3, which is then condensed with an amine ' 
such as N-(2-pyridinyl)ethylenediamine to provide, after deesterification, the 6-aminoacyl 
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compound exemplified by Example Z, Z-5. Alternatively, the palladium-catalyzed 
carbonylation reaction with the inflate exemplified by compound Z-2, may be trapped 
with N-(2-pyridinyl)ethylenediamine to provide, after saponification, the corresponding 
6-aminoacyl compound exemplified by Example Z, Z-5. 

Scheme AA provides a method for the preparation of 5-acylaminobenzofuran and 
5-acylaminodihydrobenzofuran compounds as exemplary fibrinogen receptor antagonists, 
as described in M. L. Denney, et al., EP 0655439. 



Scheme AA 




10 8 



a) BrCH2C02Et, K2CO3, Nal, THF; b) 1. DBU, EtOH, 2. HC1, EtOH; c) DiBAL, -78°C, 
THF; d) NaH, THF; e) H 2 . 10% Pd/C, EtOH; 0 N-(2-pyridinyl)-P-alanine, EDC HOBt' 
Et3N, DMF; g) IN NaOH, CH3OH. 
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Accordingly, a 5-nitrosalicylaldehyde, exemplified by compound AA-fl , is treated 
with a haloacetic acid ester to give the phenoxyacetic acid ester, exemplified by 
compound AA-2. A 2-alkoxycarbonyIfuran, exemplified by compound AA-3, is obtained 
by treating the aldehyde with base, for example with DBU. The 2-alkoxycarbonyl group 

5 is reduced to the aldehyde, for example with DiBAL. Wittig reaction affords the 2- 
acrylate ester, exemplified by compound AA-5, which is reduced to the benzofuran-2- 
propionic acid ester, exemplified by compound AA-6 and the dihydrobenzofuran-2- 
propionic acid ester, exemplified by compound AA-7. The amine AA=6 is then 
condensed with an activated derivative of a carboxylic acid, such as N-(2-pyridinyl)-p- 

0 alanine, to provide, after deesterification, the amide exemplified by the title compound of 
Example AA, AA-8. Alternatively, the amine AA-7 is condensed with an activated 
derivative of a carboxylic acid, such as N-(2-pyridinyl)-0-alanine. to provide, after 
deesterification, the amide exemplified by AA°S>. 
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Schemes BB- 1 , BB-2 and BB-3 provide a method for the preparation of 5- 
,aminoacylbenzofuran and 5-aminoacyIdihydrobenzofuran compounds as exemplary 
fibrinogen receptor antagonists, as described in M. L. Denney, et al., EP 0655439. 

5 Scheme BB-1 




1 2 




a) TBDMS-C1, imidazole, THF; b)DiBAL, -78 0 C, THF; c) NaH, THF; d) H2, 5% Pd/C, 
EtOH; e) Et4NF, THF. 

10 
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Scheme BB-2 




11 



a) (CF3S02)20, pyridine; b) CO, Pd(OAc) 2 . PPh 3 , DEEA, NMP, NH4HCO3, H 2 0; c) N- 
5 (2-pyridinyl)ethylenediamine, EDC, HOBt, DIEA, DMF; d) N-(2- 

pyridinyDethylenediamine, CO, Pd(OAc)2, PPh3, DIEA, NMP, NH4HCO3, H 2 0 e) IN 
NaOH, EtOH. 
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Scheme BB-3 




15 



a) (CF3S02)20, pyridine; b) CO, Pd(OAc)2, PPh3, DffiA, NMP, NH4HCO3, H2O; c) N- 
5 (2-pyridinyl)ethylenediamine, EDC, HOBt, DIEA, DMF; d) N-(2- 

pyridinyl)ethylenediamine, CO, Pd(OAc)2, PPh3- DIEA, NMP, NH4HCO3, H2O; e) IN 

NaOH, EtOH. 

Accordingly, a 5-hydroxybenzofuran-2-carboxylic acid ester, such as compound 
10 BB-1-1, prepared in the manner of M. L. Denney, et al. y EP 0655439, is treated with 

TBDMS-C1 to provide the TBDMS derivative of the ester, BB-1-2. The ester is reduced 
to an aldehyde, such as compound BB-1-3. Wittig reaction affords an acrylic acid ester, 
as exemplified by compound BB-1-5. Catalytic reduction affords a benzofuran-2-acetic 
acid ester and a dihydrobenzofuran-2- acetic acid ester. Cleavage of the silyl ether group 
15 of each ester, by methods known to the art, affords a benzofuran-2-acetic acid ester, as 
exemplified by compound BB-1-6 and a dihydrobenzofuran-2-acetic acid ester as 
exemplified by compound BB-1-7. 

As shown in Schemes BS-Z knd BB*-3, i; eactfphenormay bfer c^nvenedlfc a * 
carboxylic acid via palladium-catalyzed carbonylation, such as compound BB-2-9 or BB- 
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3-13, which are then condensed with an amine, such as N-(2-pyridinyI)ethyJenediamine, 
to provide, after deesterification, the amide of the title compound of Example CC (BB-2- 
11) or DD (BB-3-1S). Alternatively, the palladium-catalyzed carbonylation reaction with 
the inflates exemplified by compounds BB-2-8, or BB-3-12, may be trapped with N-(2- 
pyridinyDethylenediamine to provide, after deesterification, the corresponding 6- 
aminoacyl compounds. Example CC (BB-2-11) or DD (BB-3-15). 

Scheme CC describes a method of preparing a further exemplary fibrinogen 
receptor template. 

Scheme CC 





10 



15 



20 




a> Bcc-GIy, EDC, HOBT, DEBA. CH 3 CN; b) TFA. CH 2 CI2; c) 5-[(pyrid-2- 
yl)amino]pentanoic acid, EDC, HOBT, DIEA, DMF; d) IN LiOH, THF, CH3CN. 

The preparation of the intermediate CC-2 begins with the coupling of the known ethyl 
3-amino-4-pentynoate (WO 93/07867) with commercially available tert- 
butoxycarbonylglycine (Boc-Gly) under standard peptide bond forming conditions 
described in the previously referenced Bodansky publication. The product of this reaction 
is deprotected to CC-2 under acidic conditions which are known to effect removal of a 
Boc protecting group. Such conditions are described in the previously referenced 
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INHIBITION OF VITRONECTIN BINDING 

Solid-Phase I 3 H]-SK&F~ 107260 Binding to a v Pj: Human placenta or human platelet 
cx v f33 (0.1-0.3 mg/mL) in buffer T (containing 2 mM CaCl2 and 1% octylglucoside) was 
diluted with buffer T containing 1 mM CaC^, 1 mM MnCl2, 1 mM MgCl2 (buffer A) 
5 and 0.05% NaN3, and then immediately added to 96-well ELISA plates (Corning, New 
York, NY) at 0.1 mL per well. 0.1 - 0.2 pg of cc v p3 was added per well. The plates were 
incubated overnight at 4°C. At the time of the experiment, the wells were washed once 
with buffer A and were incubated with 0. 1 mL of 3.5% bovine serum albumin in the same 
buffer for 1 hr at room temperature. Following incubation the wells were aspirated 

10 completely and washed twice with 0.2 mL buffer A. 

Compounds were dissolved in 100% DMSO to give a 2 mM stock solution, which 
was diluted with binding buffer (15 mM Tris-HCl (pH 7.4), 100 mM NaCl, 1 mM CaCl 2 , 
1 mM MnCl2, 1 mM MgCl2) to a final compound concentration of 100 |iM. This 
solution is then diluted to the required final compound concentration. Various 

15 concentrations of unlabeled antagonists (0.001 - 100 |iM) were added to the wells in 

triplicates, followed by the addition of 5.0 nM of [ 3 H]-SK&F- 107260 (65 - 86 Ci/mmol). 

The plates were incubated for 1 hr at room temperature. Following incubation the 
wells were aspirated completely and washed once with 0.2 mL of ice cold buffer A in a 
well-to-well fashion. The receptors were solubilized with 0.1 mL of 1% SDS and the 

20 bound [ 3 H]-SK&F- 107260 was determined by liquid scintillation counting with the 
addition of 3 mL Ready Safe in a Beckman LS Liquid Scintillation Counter, with 40% 
efficiency. Nonspecific binding of [ 3 H]-SK&F- 107260 was determined in the presence 
of 2 pM SK&F- 107260 and was consistently less than 1% of total radioligand input. The 
IC50 (concentration of the antagonist to inhibit 50% binding of [ 3 H]-SK&F- 107260) was 

25 determined by a nonlinear, least squares curve-fitting routine, which was modified from 
the LUNDON-2 program. The (dissociation constant of the antagonist) was calculated 
according to the equation: Ki = IC50/O + L/K<j), where L and Kd were the concentration 
and the dissociation constant of [ 3 H]-SK&F- 107260, respectively. 

Compounds of the present invention inhibit vitronectin binding to SK&F 107260 

30 in the concentration range of 0.01 to 25 micromolar. Preferred compounds inhibit 
vitronectin binding at a concentration of less than 1 micromolar. 

Compounds of this invention are also tested for in vitro and in vivo bone 
resorption in assays standard in the art for evaluating inhibition of bone formation, such 
as the pit formation assay disclosed in EP 528 587, which may also be performed using 

35 humanosteoclasts in place of rat osteoclasts, and the ovarectomized rat model, described- 
by Wronski et a/., Cells and Materials 1991, Sup. 1, 69-74. 
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PARATHYROIDECTOMIZED RAT MODEL 

Each experimental group consists of 5-6 male Sprague-Dawley rats. The rats are 
parathyroidectomized (by the vendor, Taconic Farms) 7 days prior to use. Twenty four hours 
prior to use, circulating ionized calcium levels are measured in whole blood immediately after 
it has been withdrawn by tail venipuncture into heparinized tubes. Rats are included if ionized 
Ca level (measured with a Ciba-Corning model 634 caJcium pH analyzer) is *1.2 mM/L. The 
rats are then put on a diet of calcium-free chow and deionized water. At the start of the 
experiment the rats weigh approximately lOOg. Baseline Ca levels are measured and the rats 
are administered control vehicle (saline) or compound (dissolved in saline) as a single 
intravenous (tail vein) bolus injection followed immediately by a single subcutaneous injection 
of either human parathyroid hormone 1-34 peptide (hPTHl-34, dose 0.2mg/kg in saline/0.1% 
bovine serum albumen, Bachem, Ca) or the PTH vehicle. The calcemic response to PTH (and 
any effect of compound on this response) is measured 2h after compound/PTH administration. 

15 RAT ULNA DRIFT MODEL 

Each experimental group consists of 8-10 male Sprague-Dawley or Wistar rats of 
approximately 30^K)g body weight at the start of the experiment. The agent being tested is 
administered by an appropriate route as single or multiple daily doses for a period of seven 
days. Prior to administration of the first dose, the rats are given a single dose of a fluorescent 
marker (tetracycline 25mg/kg, or calcein lOmg/kg) that labels the position of bone forming 
surfaces at that point in time. After dosing of compound has been completed, the rats are killed 
and both forelimbs are removed at the elbow, the foot is removed at the ankle and the skin 
removed. The sample is frozen and mounted vertically on a microtome chuck. Cross sections 
of the midshaft region of the ulna are cut in the cryostat. The rate of bone resorption is 
25 measured morphometrically in the medial-dorsal portion of the cortical bone. The 

measurement is done as follows: the amount of bone resorbed at the periosteal surface is equal 
to the distance by which the periosteal surface has advanced towards the fluorescent label 
which-had been, incorporated. at the endosteal bone formation surface on day zero; this distance 
is calculated by subtracting the width of bone between the label and the periosteal surface on 
day 7 from the width on day zero; the resorption rate in microns per day is calculated by 
dividing the result by 7. 



20 



30 



HUMAN OSTEOCLAST RESORPTION ASSAY ("PIT ASSAY") 
• Aliquots of osteoclastoma-derived cell suspensions are removed from liquid nitrogen 
35* strorage, warmed rapidly at 37<*Carid washed x Tin RPMI- 1640 medium by 
centrifugation ( 1 OOOrpm, 5 mins at 4°C). 
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tetrahydro-4-methy]-3-oxo-lH-l,4-benzodiazepine-2-acetate was prepared by the method 
of Bondinell et al. WO 95/1 8619. 

PREPARATION OF INTERMEDIATE COMPOUNDS 

5 

Preparation A 

Preparation of Benzyl 3-r3.4-dihvro-8-carhoxv -1 -methyl-?. S-dioxo-IH-l 4- 
benzodiazepinel-4-pmpflnoar? 

10 

a) 4-Iodo-2-amino benzoic acid 

Oxidation of 4-iodo-2-nitrotoluene according to Sasson, et. al., J. Org. Chem. 
1986, 51 , 2880-83, to give 4-iodo-2-nitro benzoic acid followed by reduction of the nitro 
group using iron and acetic acid gives the title compound. 

15 

b) 7-Iodoisatoic anhydride 

To a mechanically stirred ice cold solution of the compound of Preparation A(a) 
(26.3 g, 0.1 mol), Na2C03 (10.6 g, 0.1 mol) and H2O (250 mL), is slowly added, via an 
addition funnel, a solution of 1.93M COCI2 in toluene (80 mL). After 2 h, the 
20 precipitated product is isolated by filtration, and the solid is washed successively with 
H2O (200 mL), a 1:1 mixture of EtOH:Et20 (300 mL), and Et20 (200 mL), and dried 
under vacuum to yield the title compound. 

c) Benzyl N-(2-amino-4-iodobenzoyl)-P-alanine 

25 A magnetically stirred solution of the compound of Preparation A(b) (5~.0 g, 

0.0173 mol), P-alanine benzyl ester tosylate (5.85 g. 0.0173 mol), and DMAP (0.5 g, 
0.0041 mol) in pyridine (35 mL) is heated for 2 h at 80° C. The reaction mixture is 
allowed to cool to RT and concentrated. The resulting residue is dissolved in EtOAc 
(100 mL), and washed successively with 10% cupric sulfate (2 x 50 mL), saturated 

30 NaHC03 ( 1 x 50 mL) and brine ( 1 x 50 mL), dried (Na2S04), filtered, and concentrated 
to afford the title compound after chromatography (silica gel, 1:1 EtOAc/hexanes). 
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d) Benzyl N-(2-methylamino-4-iodobenzoyl)-P-aJanine 

A magnetically stirred solution of the compound of Preparation A(c) (2.0 mmol), 
2,6-lutidine (0.35 rnL, 3.0 mmol) and CH3I (0.19 mL, 3.0 mmol) in DMF (15 mL) is 
heated at 50°C for 15 h. The reaction mixture is allowed to cool to RT and concentrated. 
5 The resulting residue is dissolved in EtOAc (75 mL), and washed successively with 10% 
citric acid ( 1 x 50 mL), saturated NaHC03 ( 1 x 50 mL) and brine ( 1 x 50 mL), dried 
(Na2S04), filtered, and concentrated to afford the title compound after chromatography 
(silica gel, gradient 35-65% EtOAc/hexanes). 

1 0 e) Benzyl 3-[3 ,4-dihyro-8-iodo- 1 -methyl-2,5-dioxo- 1 H- 1 ,4-benzodiazepine]-4- 
propanoate 

To a cold (-30°C) magnetically stirred solution of the compound of Preparation 
A(d) (0.305 g, 0.69 mmol), Et3N (0.144 g, 1.04 mmol) in CH2CI2 (3 mL) is added 
slowly a solution of ct-bromoacetyl bromide (0.09 mL, 1.04 mmol) in CH2CI2 (2 mL) 

1 5 under argon atmosphere. The reaction mixture is allowed to warm to RT and stir for 2 h. 
The mixture is diluted with CH2CI2 (40 mL) and washed successively with 10% citric 
acid (1 x 50 mL), saturated NaHC03 (1 x 50 mL), dried (Na2S04), filtered, and 
concentrated. The resulting residue is dissolved in DMF (3 mL) and added via an 
addition funnel to a slurry of NaH (25 mg, 1.04 mmol) in DMF (2 mL) which is cooled to 

20 0°C. After 2 h of stirring, the mixture is poured into an ice cold solution of 10% citric 
acid (50 mL) and extracted with EtOAc (3 x 40 mL). The combined extracts are washed 
with saturated NaHC03 (1 x 50 mL), dried (Na2S04). filtered, and concentrated to afford 
the title compound after chromatography (silica gel, gradient. 40-70% EtOAc/hexanes). 



25 f) Benzyl 3-[3,4-dihyro-8-carboxy- 1 -methyl-2,5-dioxo- 1 H- 1 ,4-benzodiazepine]-4- 
propanoate 

A solution of the compound of Preparation A(e) (3.2 mmol). Pd(OAc)2 (0.16 mmol), and 
1 , 1 '-bis(diphenylphosphinetferrocewe (0.64 mrooL ) in. DMSO (20. mL) is heated to 65X«, 
under a carbon monoxide balloon for 18 h. The reaction mixture is diluted with water, 
30 acidified with 1 N HC1 and extracted with CH2CI2. The combined organic extracts are 
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(2.38 g. 10 mmol), ammonium formate (3. 15 g, 50 mmol), and 10% Pd/C (10.64 g, 10 
mmol) in absolute EtOH (50 mL) is wanned at 40°C overnight, then is cooled to RT, and 
filtered through Celite®. The filtrate is concentrated, and the residue is partitioned 
between H 2 0 (50 mL) and CHC1 3 (50 mL). The layers are separated, and the aqueous 
5 layer is extracted with CHCI3. The combined organic layers are dried (Na 2 S0 4 ) and 
concentrated. Chromatography (silica gel) gives the title compound. 

c) 5-[(Pyrid-2-yl)amino]pentanoic acid 

A mixture of the compound of Preparation 1(b) (444 mg, 2.0 mmol), 1.0 N LiOH 
10 (3.0 mL, 3.0 mmol), THF (10 mL), and H 2 0 (7 mL) is stirred at RT overnight, then is 
concentrated. The residue is taken up in H 2 0 (5 mL) and neutralized with 1 .0 N HC1. 
The precipitate is collected and dried in vacuum to give the title compound. 
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Preparation J 

Preparation of 4-rN-Pvrid-2-vl-N-ftnli M »n e sulfonvh a m.no1butanaloYim>. 



a) 2-[3-(Pyrid-2-yl)aminoprop-l-yl]-l,3-dioxolane N-oxide 

A mixture of 2-(3-aminopropyl)-l,3-dioxolane (100 mmol), 2-chloropyridine N- 
20 oxide hydrochloride (120 mmol), and NaHC03 (500 mmol) in tert-amyl alcohol (250 
mL) is heated at reflux under argon. On completion, the reaction is cooled, diluted with 
EtOH, filtered, and concentrated. The residue is reconcentrated from toluene and 
chromatographed (silica gel) to give the title compound. 

25 b) 2-[3-(Pyrid-2-yl)arninoprop-l-yl]-l,3-dioxolane 

A briskly stirred mixture of the compound of Preparation J(a) (60 mmol), 
ammonium formate (300 mmol), and 10% Pd/C (60 mmol) in absolute EtOH (300 mL) is 
warmed at 40°C overnight, cooled to RT, and filtered through Celite®. The filtrate is 
concentrated, and the residue is partitioned between H 2 0 and CHCI3. The layers are 

30 separated, and the aqueous layer is extracted with CHCI3. The combined organic layers 



-82- 



pCT/ 1 US96/2032'? 

WO 97/24114 

„ dried <Na,SO.) and concen»a,ed. Ch 
compound. 

i vlVl 3-dioxolane 
, , „ ,N-Pynd-2-y.-N-C.o.ucnesu»fony0anuno prop- ^ 

mL , The.cacuoniss^a^Tunu.co P ^ orgaoic ex^s « 

10 gel, .ogive *edOe compound. 

d) — > and p-TsOH HP , 

A solution of the compound of P«P rt ^ comptett . me 

brtne . Dryi n g (M g S04,.conc=nTaUon,an 
compound. 
, 4 ^rid-2-vl-N-^^^ 

pa * U one4be,wee,H 2 OandBOAc. The to - „ 

N aHC0 3 and saturated bnnc, dnea v 
compound. 

^ -«------- , -- --, 



15 



20 



25 



30 



-83 



5 diluted w ith E (OH r, Un<ter "*»- After48 * ,h Wamyl 

b > 2 -f 3 -f(tert-Butoxvr a ri« . 

<*"»•• n. " 4 °' C0V -^. «*- is corted » RT ^ *"** 

r '" nm 15 concern™,* and * T and fi,to *d Ihrou.1, 

^Pararmn l_ 



*. gives the titie compound. 



-84- 



PCT/US96/20327 

VVO 97/24124 

Prrp action M 




10 



^ .sohuionofdHenWa— £ ^^^^ 

ot n°C to a mixture ot a v NaOH 
^ was added « 0 ° ^ H2 0 (25 mL> and !.0 N 

hy ^ hl o ri dc (5.0 g . 2A. 8 -CO ^ to RT ^ ^ te , , h. 

(25 ^ 25 After » -* 7;^. ^ «. reacUon was -n- 

More > .0 N NaOH (25 mU 25 — ) ^ with ElOAc (SO 

5 NMR(250MHz,CDU3> 

An i« Ure of<hecompoundof*epar ^ ^ for lh . The 

was dissoNed .n 

CH.C12 (300 nO.) and cashed , ^ , sUic a ge!. W 

^(Na^concen^uon. and flash m NMR (250 MVU. CDCW 

5 6.85-7.95 (m.9H).^v 

.Ben^n^Un— 

A «*« of .he compound of P«P»» Concentra uon and — 

n so mL^ was stirred tor i n * 
30 HCUnl.4-dioxane(l50mL)w 



85 



PCT/US96/20327 , 

1*>2H), 4.65 (s,2H), 2.80 ( s . 



£c£B aratip n f j 




10 



15 



20 



25 



*>,Wi„ g *e p r o Cedure ^ D r ydrOXyben2ene 
hydrochJoride (5.0 g 23 n L(a), except subs*,,,- 

titl e ^ ' ° mmol > 4-f2-<Wh , Sub *"ut«g adrenalone 

utJe compound n 2 a ioar, ( ethyian Mno)acetvilnK , 

^^n* 282.2^. ^'^^(sfegeU:! 

compound was »~ compound of Pre Da «w , P ° Und of 

MS ^S)m/e 326.0 fM +H ]+ 



of 



30 




-86 

—9724124* , l > 



} 



!0 



• WO 97/24124 

PCT/US96/20327 
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Preparation P 
Preparation ofEthvl f6Hwhcwv-1.2.3.^^ 

a) Ethyl (6-Methoxy - 1 -oxo- 1 ,2,3,4-tetrahydroisoquinolin-2-yl)acetate 

A mixture of 6-methoxy-l,2,3,4-tetrahydro-l-oxo-isoquinoline. Sail and 
Grunewald, J. Med. Chem., 1987, 30, 2208-2216, (0.39 imnol) and NaH (0.17 g, 0.43 
mmol, 60% oil dispersion) in THF (5 mL) is heated to reflux for 1 h and then allowed to 
cool to RT. Ethyl chloroacetate (0.43 mmol) is added and the mixture is allowed to stir 
for 1 h. The mixture is quenched with H2O (10 mL) and washed with EtOAc. The 
organic layers are combined, washed with H 2 0 (10 mL) and concentrated to an oil which 
is purified by (silica gel, gradient, 10-33% CH3OH/CH2CI2) to afford the title 
compound. 



10 



15 b) Ethyl (6-Hydroxy- 1 ^oxo- 1 ,2,3,4-tetrahydroisoquinolin-2-yl)acetate 

A solution of the compound of Preparation P(a) (0.263 g, 1.0 mmol) and 1M 
BB13 in CH 2 C1 2 ( 1 . 1 mL) is stirred at -70°C for 2 h and then at RT for 4 h. The solution 
is concentrated to an oil which is taken up in EtOAc. The organic phase is washed with 
H 2 0 . 5% NaHC0 3 . H 2 0. dried (MgS0 4 ), filtered, and concentrated to afford the title 

20 compound (0.20 g, 80%). 

c) Ethyl [6-(trifluoromethylsulfonyloxy)-l,23,4-tetrahydro-l-oxo-isoquinolin-2- 
yljacetate 

A solution of the compound of Preparation P(b) (3.4 mmol) and trifluorosulfonic 
25 acid anhydride (3.4 mmol, mL) in pyridine (5 mL) is chilled at 0'C and allowed to warm 
RT for 1 h. The mixture is quenched with H 2 0 (5 mL) and washed with EtOAc. The 
organic layers are combined, washed with H 2 0 (7 mL) and concentrated to an oil. The 
residue is purified chromatography (by silica gel, gradient. 14-75% EtOAc/hexane) to 
afford the title oompounct. *. 

30 
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filtered through Celite and the filtrate is concentrated and chromatographed (silica gel, 
gradient, 25-75% EtOAc/hexane) affords the title compounds. 

Preparation S 

5 

Preparation of Ethvl f5-carboxv-benzofuran-2-vnpropionate 

a) Ethyl [5-(tert-butyldimethylsilyloxy)ben2ofuran-2-yl]carboxylate 

A solution of ethyl [5-(hydroxy)benzofuran-2-yl]carboxylate, Denny, et. ah, EP 
10 0655439, (0.206 g, 1.0 mmoi), tert-(butyl)dimethylsilyl chloride (0.23 mL, 1.0 mmol) 
and imidazole ( 0.34 g, 1 .0 mmol) in THF is allowed to stir for 4 h. The solution is 
concentrated and the residue is treated with EtOAc. The organic phase is washed with 
H2O, dried (Na2S04), and concentrated to afford the title compound_(0.35 g, 90%). 

15 b) Ethyl [5-[tert-(butyl)dimethylsilyloxy]benzofuran-2-yl]propenoate 

Following the procedure of Preparation R(c) and (d), except substituting the 
compound of Preparation S(a) for the compound of Preparation R(b), gives the title 
compound. 



20 c) Ethyl [5-(hydroxy)benzofuran-2-yl]propionate and Ethyl [5-hydroxy-2,3-dihydro- 

benzofuran-2-yl]propionate 

A mixture of the compound of Preparation S(b) (0.234g, 1.2 mmol) and 10% 

Pd/C (0.023 g, 10% wt) in EtOH( 5 mL) is hydrogenated at 50 psi for 1 h. The mixture is 

filtered through Celite, and. concentrated.. A solution. of the residue (0.34 g. 1 .Q mmol). and 
25 Et4NF (0. 149 g, 1 .0 mmol) in THF (10 mL) is allowed to stir at RT for 18 h. The 

solution is concentrated and purified by chromatography (silica gel) to give the title 

compounds (0.25 g, 57%). 
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d) Ethyl [5-(trinuoromethylsulfonyloxy)benzofuran-2-yl]propionate 

Following the procedure of Preparation O(c), except substituting ethyl [5- 
(hydroxy)ben2ofuran-2-yl]propionate of Preparation S(c) for the compound of 
Preparation O(b), gives the title compound. 

5 

e) Ethyl (5-carboxy-ben2ofuran-2-yl)propionate 

Following the procedure of Preparation O(d). except subsisting the compound of 
Preparation S(d) for the compound of Preparation O(c). gives the title compound. 

0 Preparation J 



Preparation of Fthvl rS-carhoxv^.S-dihvrim-^n zofuran^-vnp mp^n,,^ 

a) Ethyl [5-<trifluoromethyIsulfonyloxy).2,3-dihydro-ben2ofuran-2-yl]propionate 
1 5 Following the procedure of Preparation S(d), except substituting ethyl [5- 

hydroxy-2^Klmy(lrc-benzofuran-2-yl]propionate from Preparation S(c) for ethyl [5- 
(hydroxy)ben2ofuran-2-yl]propionate from Preparation S(c), gives the tide compound. 



20 



b) Ethyl (5-carboxy-2,3-dihydro-benzofuran-2-yl)propionate 

Following the procedure of Preparation S(e), except substituting the compound of 
Preparation T(a) for the compound of Preparation S(d), gives the title compound. 



Preparation fl 

25 Preparation of R nv i ft^-rMvrvnaminnl^r^noate ,rif1„ ftmar », m - 

a) Ethyl (±)-3-[[(N-tert-butoxycarbonyl)glycyl]aniino]-4-pentanoate 

DIEA (0.92 mL, 5.32 mmol) was added to a stirred solution of ethyl (±)-3-amino- 
4-pentynoate (0.3 g, 2. 1 3 mmol), Boc-Gly (0.56 g. 3. 1 9 mmol). HOBt • H 2 0 (0.43 g, 3. 1 9 
30 mmol), and EDC (0.6 1 3.19 mmol) in anhydrous CH3CN ( 1 5 mL) at RT. After 34 h, 
the reaction mixture was concentrated, diluted with CH2CI2 (70 mL), and washed 
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sequentially with 5% NaHC03 (2x15 mL) and brine (15 mL). Drying (MgS0 4 ), 
concentration, and chromatography (silica gel, 1:1 EtOAc/hexane) gave the title 
compound (0.5 g. 79%) as a colorless oil: MS (ES) m/e 299.2 (M+H) + . 

5 b) Ethyl (±)-3-[(glycyl)amino]-4-pentynoate trifluoroacetate 

A solution of TFA (5 mL) and CH 2 C1 2 (15 mL) at RT was added all at once to the 
compound of Preparation S(a) (0.5 g, 1.68 mmol). After 30 min, the solution was 
concentrated, and the residue was reconcentrated from toluene (to remove residual TFA) 
to afford the tide compound (0.55g, 106%) as a light yellow syrup: MS (ES) m/e 199.2 

10 (M+H) + - 

Preparation V 
proration of N-(2-Pvridinvltethv1enediam,ine 

15 

a) N- Acetyl-N'-( 1 -oxo-2-pyridiny l)ethylenediamine 

A mixture of N-(acety l)ethylenediamine (0.5 g, 5 mmol), 2-chloropyridine-N- 
oxide hydrochloride (1.6 g, 10mmol),NaHCO,(1.6 g. 19 mmol), and n-butanol (5 mL) 
was heated to 100°C for 18 h. The mixture was then allowed to cool, and it was filtered 
20 and the filtrate concentrated. The resulting residue was purified by chromatography 

(silica gel, step gradient, 2%-10% CH 3 OH/CH 2 CI 2 ) to give the tide compound as a pale 
yellow solid (0.40 g. 45%): MS (ES) m/el96 [M+H] + . 

b) N-(l-Oxo-2-pyridinyl)ethylenediamine 

25 A mixture of the compound of Preparation V(a)(0.4.g) and concentrated HC1 (50 

mL) was heated to 90 a Cf6r 4 d". concentrated*, and the residue was recrystalliizfecr 
(CH30H:CHCl3) to give the title compound as off-white needles (3.2 g , 82%): MS (ES) 

m/e 154.2 [M+H]+ 

30 c) N-(2-Pyridinyl)emylenediainine 

A mixture of the compound of Preparation V(b)(1.0 g. 5 mmol), potassium 
formate (2.2 g, 25 mmol), 10% Pd/C (0.30 g), and CH3OH (20 mL) was heated to reflux 
under argon for 48 h. The mixture was filtered, the filtrate was concentrated, and the 
residue was purified by chromatography (silica gel, 10% CH 3 OH/CH 2 Cl 2 ) to give the 

35 title compound as an amber oil (0.30 g. 41%): MS (ES) m/e 138.1 [M+H] + . 
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Preoarati^p W 

Preparation of Methyl (S)-? * A S-Tet rahvriro - 7 - iodo - V oxo- 1 H- . . 
5 acsiaie 

a) Dimethyl (R)-malate O-triflate 

A solution of dimethyl (R)-malate (12.96 g, 80 mmol) and pyridine (6.8 mL 84 
mmol) in CH 2 C1 2 (50 mL) was added dropwise under argon at O'C to a solution of triflic 
anhydride (14.2 mL, 84mmol) in dry CH 2 C1 2 (40 mL) in a flame-dried flask. The 
resulting yellow-orange mixture was stirred at O'C for 30 min, and then at RT for 4 h 
The reaction was quenched by adding H 2 0 (50 mL) and the organic phase was washed 
three times with H 2 0 and brine, dried (MgS0 4 ), and concentrated to give the title 
compound as an off white solid (22.45 g, 95%): MS (ES) m/e 295.0 [M + H] +. 



10 



20 



b) Dimethyl N-[2-(cyano)phenylJ-(S)-aspartate 

A solution of compound of Preparation W(a)(22.4g, 763. mmol) in 1:1 
CH 3 Cl:hexane (80 mL) was added to a solution of 2-aminobenzonitrile (9.0 g, 76.2 
mmol) and 2,6-di-tert-butylpyridine (14.5 g, 7 6.2 mmol) in 1:1 CH 3 Cl-hexane (100 mL) 
in a flame-dried flask under argon at 0"C The resulting mixture was stirred at 0°C for 30 
min and then at RT for 3 d. The resulting mixture was concentrated, the residue was 
taken up into EtOAc, washed with 5% HC1 and brine, and dried (MgS0 4 ). The resulting 
mixture was concentrated and the residue was purified by flash chromatography (silica 
gel, 12% EtOAc/hexane) to give the title compound as a clear oil (12.3g, 62%)- MS (ES) 
25 m/e 263.3 [M + H]+. 



c) Methyl (S)-2,3,4,5-Tetrahydro-3-oxo-lH-l,4-benzodia2epine-2-acetate 

A mixture of compound of Preparation W(b)(12 g„45.7 mmol), Et 3 N (7.64 mL, 
54.84 mmol), and Raney-Ni (46 g, prewashed by CH 3 OH) in CH3OH (200 mL) was 
30 stirred at RT under a H 2 balloon for 2 d. The mixture was filtered and the catalyst was 
washed 3x with CH3OH. The filtrate was concentrated and the residue was purified by 
flash chromatography (silica gel, step gradient, 0-5% CH 3 OH/CH 2 Cl 2 ) to yield the title 
compound as a white solid (7.93g, 74%): MS (ES) m/e 235.3 [M + H] + . The title 
compound was shown to contain approximately 23% of the (R)-enantiomer by NMR 

35 
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n - a lM o 1H-1 4-benzodiazepine-2-acetate 
a) Methyl (S)-2.3.4>Tet«hydr^o^ ^ ^ was added 

P^idine-ICl complex: ™ in ^ (2 0 mL), stirred under 

slowly to a solution of pyridine (8.5 rnL, rnrn^ ^ ^ 

^onandpre-coo^ ^ 
5 The mixture was stirred at 5-10 C for io ™ Ud which formed was 

ILure was stirred * a - h "wC->- — . - d- » 
co Uected by »t which was used without further 

pyridine-ICl complex (22.5 g) as a ye 



10 



purification. n added portionwise to a solution of 

r^ClcompiexO^ f. in 1;1 S. 2 C, 2: CH3OH (40 mL). 

d. compound of Preparauon ^ 1M NaHSG3 (20 mL) 

The resulting mixture was sarred at RT for 40 m, ^ ^ ^ y ^ 

„* the resulting solid was coiiected ^ ~ ^ ^ [M ♦ 

i oe on ft ff white solid (1.72 g, quanuui , 
the title compound as an ott wnuc 



15 Hr • 

Py^paption X 



20 1H 1 /t-^p 7 .odin7rpin«r-?-^^ 



25 



30 



A mixture of ««-butyl ^^^1"° M W as stirred under argon a. 
2.2.2-trinuoroethy.amine (25 g 250 -f^to-fc-"-^ md 10% K2C °" 
RT for 4 d. concentrated, and me "^"^ brine , a*,, and concentrated. The 
Th e organic phase was washed w«h M * CO* ^ ^ 

residue was purifted b, chromatography Csthca gd. PS ? ^ Ms ^ ^ 

acetate/hexane) .0 give the tide compound as a pale , 

308.3[M+H1*- . , 

„ (SH-nuo^ben.y.oxycarbony Oamino-i.^memoxy-i- 

bu^lK2^ ^^''^"^"""added dropwise .0 a solution of Cbz-L- 
Cyanuric fluoride (2.8 mL, 36 mmo 1) was an F 

(100 mL) stirred under argon at KT. T« r ^ was 

dil „,ed with CftCl, (100 mL). and ,uen^ w * 2 ^ ^ 

filtered, the phases were separ*ed. and *e org^n P ^ ^ ^ 
concentrated to afford Cbz-L-aspamc ac.d-P-me.hy 
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30 



35 



fluoride was dissolved in CH,CI, T50 

compound of Prsparation X(a ~ 2 ( ^ ■«« added dropwise to a solution of the 

2~->*n- under ^^"Z^^™^"^"^ 

solution was stirred at RT overnight, w^ted witlf h' Com P Jete ' tne resulting 
5 C °" C ™- The residue was purifieX chr ' ' «< 

tide compound as a cn«« , chro ™«ogra P hy (silica gel. CH,CM r« ■ 

ndaSa ~s S yrup (IO g. l^MSTO^Vl^^ ^ 
c) tert-Butyl CS)-4-fl UO ro 3 /Tr2 
)0 Wflu ™*^»*no, m e,hyl,£^ 

ffl «*d. the fi llrat e was concentrated and I *° " 2 h ' The «« 

f«— I* *P *radien, 0-2% C„ O^CbWo : fied * *» -W 

■•^^azepine-2-aJ^ ^ 

A solution of the compound of p 

l**ed under argon to 125-C „ "I,*™" X <«=> «« 8) b DMSO (60 mL, WIS 

H 2 0 a„ d bnne , ^ (H|SQ ^ ^ " gM ,c extracts were washed with 
chromatography (silica gel. step tradi™. reS "" M *" ""^W by 

compound as a white fj m „7 ™.T 3% CH 30H/CH 2 C. 2 ) to give the title 
»».7.59 (s. IH) , 6 . J3 w , , jL ^l^r, ^ ^ * (* ;=8.4 Hz 
« *. .H>, 4.3, , m . 1H) . 3 99 ^ *• '«>. 5.15 (m . IH) , 

c) Methyl (S)-7-carboxv 

benzodiazeptoe.2.^ ' ' ^* n ^*~*+<*2*M* m tw m . l j. 

n^^^Zl!;:,^ ^ « ^ — - « « »der argon 

;™ 10 R T «d was stirred for 2 h The 1 T. P - SO ''" ion w « <"«>»«< <o 

«~ in EtOAc. The organic pha^e^T, T""** - *• »— was 
«*PH-6f tneaqoeous phase ,„ I0 - ™ a W,,h C ° n «'"™«< NH4OH ,0 brine 

-ugh, .0 p H 4 with 3N „ C1 . and ex™ ~ «*> «°A« ~ 

tiOAc. The organic phase was washed 
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with brine, dried (MgSCU), and concentrated to give the title compound as an off-white 
solid (2.1 g, 81%): MS (ES) m/e 361.1 [M+H] + . 

Preparation Y 

5 Preparation of N-f6-Methvl-2-Dvridinvnethvle nediamine 

Following the procedure of Preparation V, except substituting 6-methyl-2- 
chloropyridine-N-oxide for 2-chloropyridine-N-oxide, gave the title compound: MS (ES) 
m/e 152 [M+HJ+ 

10 Preparation Z 

Preparation of N- Methvl-N t -f2-pvridinvnethvlenediamine 

a) N-Boc-N-methy I-N'-( 1 -oxo-2-pyridinyl)ethy lenediamine 

15 A mixture of N-Boc-N-(methyl)ethylenediamine (Synth. Commun. 1993, 25, 

2443-2449)(849.2 mg. 4.87 mmol), 2-chloropyridine N-oxide hydrochloride (970 mg, 
5.84 mmol), and NaHCO, (2.05 g, 24.4 mmol) in rerr-arnyl alcohol (12 mL) was heated at 
reflux under argon. After 41.5 h, the reaction was cooled, diluted with EtOH, filtered, 
and concentrated. The residue was reconcentrated from toluene and chromatographed 

20 (silica gel, 5% CH3OH/CHCI3) to give the title compound as a viscous, yellow oil which 
was used without further purification (863.1 mg, 66%): MS (ES) m/e 268 [M + H] + . 

b) N-Boc-N-methyl-N , -(2-pyridinyl)ethylenediamine 

A briskly stirred mixture of the compound of Preparation Z(a) (863.1 mg, 3.23 
25 mmol), ammonium formate (L02 g, 16.2 mmol), and 10% Pd/C (344 mg, 0.32 mmol) in 
absolute EtOH (16 mL) was heated at reflux. After 8 h, the reaction was cooled to RT, 
ancfmore ammonium formate (2.0* g; 32.4'mmoiy and: 10% Pd/C X3;44 l g, 3.23~ mmol) 
were added. The reaction was stirred at 40°C for 14.5 h, cooled to RT, and filtered 
through Celite®. The filtrate was concentrated, and the residue was partitioned between 
30 H2O (20 mL) and CHCI3 (20 mL). The phases were separated, the aqueous phase 

extracted with CHCI3 (2 x 20 mL), and the combined organic phase was dried (Na2SC>4), 
and concentrated. The resulting yellow oil was chromatographed (silica gel, 5% CH3OH 
in 1:1 EtOAc/CHCl3) to give the title compound as a pale yellow oil (267.4 mg, 33%): 
MS (ES) m/e 252 [M + H]+. 
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c) N-methyI-N'-(2-pyridinyl)ethylenediamine dihydrochloride 

4 M HC1 in dioxane (5.3 mL, 21 .2 mmol) was added in a stream to a solution of 
the compound of Preparation Z(b) (267.4 mg, 1.06 mmol) in anhydrous CH 2 C1 2 (5.3 mL) 
at 0°C. The reaction was stirred at RT for 16 h and concentrated to afford the title 
5 compound as a yellow, hygroscopic solid (229.4 mg, 97%): MS (ES) m/e 152 [M + H] + . 

Preparation A A 

Preparation of N-(2-Pvrimidinvn e thvleneriiamin«. 

10 

a) N-Boc-N'-(2-pyrimidinyl)ethylenediamine 

N-(Boc)ethylenediamine (0.80 g, 5.0 mmol) (Syn. Common. 1990, 20, 255-264) 
was dissolved in 1-propanol (12 mL) and treated with K 2 C0 3 (1.2 g, 9.0 mmol), followed 
by 2-chloropyrimidine (0.91 g, 8.0 mmol), and the mixture was heated to reflux for 24 h. 
15 The reaction mixture was poured into H 2 0 (30 mL) and extracted with EtOAc (3 x 30 
mL). The combined organic fractions were dried (MgSC>4) and concentrated to give the 
title compound as a yellow solid (1.6 g): MS (ES) m/e 238.9 [M+H] + . 

b) NK2-Pvrirnidinyl)ethylenediamine hydrochloride 

20 The compound of Preparation AA(a) (1.6 g, 6.7 mmol) was dissolved in CH 2 C1 2 

(6 mL) and treated with 4M HC1 in dioxane (16.7 mL). The reaction mixture was stirred 
2 h, concentrated, and azeotroped with CH 2 C1 2 (3x10 mL) to yield the tide compound 
as a yellow salt (1.2 g, 100%): MS (ES) m/e 139.0 [M+H]+ 

25 Preparation BB 

Preparation of N-f6-Methvl-3-pvTidayinvl^ ethvlenediamine 

a) N-Acetyl-^6-memyl-3-pyridazmyl)ethylenediamine 
30 A mixture of 3-chloro-6-methylpyridazine ( 1 .29 g, 1 0 mmol), N- 

(acetyl)ethylenediamine (638 mg, 6.25 mmol) and NaHC03 (1.6 g) in dry DMF (10 mL) 
was heated at reflux under argon for 20 h. The mixture was filtered, the filtrate 
concentrated, and the residue was dissolved in CH 2 C1 2 and purified by flash 
chromatography (silica gel, step gradient, 0-8% CH30H/CH 2 C1 2 ) to yield the title 
35 'compound as a yellow solid (700 mg, 44%): MS (ES) m/e 195:0 [M + H] + . 
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(69 lmgV- MS (ES)m/e 152.9 IM 




ahvls 



10 



15 



63 %):MS(ES)n»/en5lM + H] 
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b) N "T ^ X impound of Prepare* CC(a) (750 . ^ (W ^ 



25 



30 



M S(ES)m/el38.UM + Hr. 



examples g lX ampis_I 
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a) Methyl (S)- 2 , 3 4 < , , , 

'•J«r »•« e xttaclRf ' Was Phoned be.wee„ K,r, . n """ ure 

> ^S(ES)m/ e 412.4 [\f+H}+ mpound as a 

— - <°™L^£i™ — « -0 wa s ft "*<*> 

- -Mow EtOAc and e — di* 0)vedi „ H ^ * RT °^"t n. 
b "<«y »d alJ„ Wed lo sa l™ b ™#* to P H 5 wittl 3N HQ H2 °. ™- sollltioil 

58 «: H. 6 . 03: N , , 696 C « 3 0 4 M H 2 0: ds£ZZ£»* ™> »* 398.4 

* » J 7.J4. Found Q 




_ Fo "-»* ft. ^Zt^^' 2 -^ m 

Preparation VrM a. , uure of£ xain j . « 
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b) (S)-2, AS-Tetrahyd^^ "id 
py ndmyl)amino)ethyllaminolcarbonyll-lH- . substUuting lhe compound of 

FollowingtheprocedureofExampe b),exc F ^ ^ ms <gs) mfe 

sample 2(a) for the compound iof ^^ l( ^ Q: c.56 J1 6;H.5.73;N. 16.58. Found 

414.5 [M+H] + . Calculated for do^l^S 

C, 56.63; H, 5.67; N, 16.32. 



of (S ) 2 * ^,^-TeTrahvdrQ-3- 

10 ^UJflZS^^^ 8 ' 81 ^ 



cartonyD- IH-l .44KnK.diaKp.w-2- ^ 720 mg , 2 nmoi). the 

5 A dux of tne compound of Preparanon ^ ^ 

compound of Preparauon V(c> *° « ^ " 

(PfcjmMCh 040 mg. 0.2 mmol) m N methy w ^ ^ was 

, l(rc unto CO bauoon to 3^^" 0-7* CH,OH,CH 2 C, 2 > » 

to give the title compound as a paie yen 

, 7 r rf242-(pyridinyl)armno]emyl]amino]carbonyl]-lH- 
b) (S)-2,3,4.5-Tetrahydro-3-oxo-7-tll2.l2 (pyn 

! ,4-benzodia2epine-2-acetic acid of the comp ound 

lM LiOH (3.8 mL, 3.8 mmo ) ™*£^\ 2Q ^ at RT. The resulting 
25 of Example 3(a) (1 g.2.5mmol)in 1.1 CB3 ^ due was dissoW ed in H 2 0. 
rnixturewasstinedfor20h 

acidified with^^^ 

0.1% TFA). Fractions ™™™^^*^ n appr0 ximately 23% of the R- 
ly ophilized to give the title compound Ima ' » ^ 3g4 . 2 lM+H ] ; 

eUtiomer, see Preparation* (c)l - . ^ * N.10.17. Found: C, 42.01; H, 

Anal. Calcd for C l9 H2iN 5 04 • 2.5 TFA. C41. 

3.62; N, 10.15. 

FiMTPpte 4 

S^^— ^^^^^ 
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a) Methyl (S)-23.4.5-tetrahydro-3-oxo-7-fff 2 n < , 
^oJcartK>nylJ^ C2 , 2 , 2 . trifluoroe ^ lhl ^^^ yl)u ^^ 

Following the procedure of Examo* U \ ^^V™- 2 ^ 
Preparation X(e) for methyl (S)-7^Cv 2 3 4 ^ *» COmpOUnd * 

be -odiaze P ine- 2 -acetate gaV e J^r ''■^^•^y^-oxo-lH-l 4- 
[M+H]+ gave the tnle compound as a white foam: MS (ES) m/e 4.7 

b) ^ s )-2,3,4,5-Tetrahydro-3-oxo-7-rrr2 ^ 

Following the procedure of Examole Iffci 
E«mp,e 4(a) f„ r compound ™^ '«* ««P' -tata*, the compos* of 
MS (ES) m/e 466.: , M+J £. ^ !f *°™ « «-* 

«* N. ,4.60. Found C. 52. 88; H . 5.00- N 14^10 * ' " C *"* * 



Exarqpfc * 

L4J5- 
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a) Methyl (±)-23A5-tetrahyaxo-3-oxc~l r n K , u 
Methyl (±>7-carboxy- 2 345 Wrah . „ 

^^-^^mmo^ 

compound of Preparation Vfc) (1 « ,V *' mm<>1) - HOBT -H.O and the 
H» mixture was concen Jd L uTrel C ° mbi,Kd ^ " ta " 31 RT °™ 

wi- cH,a,. ™. combined o^" W. ^ wi,h 5 * Na - co ' - «*■ d 

conce^rateov rjT£V* h ^ ^ (M * SOJ ~ 

foam: MS (ES) m/e 502 [M + H]». ^ raphed 10 * eW compound asa white 

The compound of Example 5<a) ro i« « n ^ 1 

^ - 1HF (1 ^ and trea^ ^l^ZT2 Z ^ " ^ ( '° 
overnight, concent, and „. ^ wm ( ^ ««■ ™— »» was stirred 

CH,a 2 . ^ p„ of me aoueous phase was adju Zt 5 f 7 h hT'*" ^ 

2 iu c^u, and dned to give the title 
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compound: MS (ES) m/e 488 [M+H] + . Anal. Calcd for C27H29N5O4 • 0.625 H 2 0: C, 
65.01; H, 6.1 1; N, 14.04. 'Found C, 64.95; H, 5.92; N, 13.94. 

Example 6 

5 

Preparation of f S>-2.3.4.5-Tetr ahvriro~4-rnethvl-7-rrr2-r2-f 6-methvl-pvridinvnarninol 
et hvnaminolcarbonvn-3-oxo- 1 H- 1 .4-benzodiazepine -2-acetic Acid 

a) Methyl (S)-2,3.4^-Tetrahydro-4-methyl-7-[[[2-[2-(6-methyl- 
10 pyridinyl)amino]ethyl]amino]carbonyl]-3-oxo-lH-l,4-benzodiazepine-2-acetate 

Following the procedure of Example 5(a), except substituting the compound of 
Preparation Y for the compound of Preparation V(c), gave the title compound : MS (ES) 
m/e 426 [M+H] + . 

1 5 b) (S)-23,4^-Tetrahydrc>^memyl-7-[[[2-[2-(6-memyl-pyridinyl)amino]ethyl]amino] 
car bony l]-3-oxo- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

Following the procedure of Example 5(b), except substituting the compound of 
Example 6(a) for the compound of Example 5(a), gave the title compound : MS (ES) m/e 
412 [M+H]+ Anal. Calcd for C21H25N5O4 • 0.5 H 2 0: C, 59.99; H, 6.23; N, 16.66. 

20 Found C, 59.69; H, 6. 15;.N, 16.37. 

Example 7 

Preparation of f S V2.3.4.5-Tetrahvdro-4-methvl-3-oxo-7-rrf 2-r2-( pvridinvn 
25 aminolethvnmethvlaminolcarbonvn- 1 H- 1 .4-benzodiazepine-2-acetic acid 

a) Methyl (S)-2,3,4^-tetrahydro-4-methyl-3-oxo-7-t[[2-[2-(pyridinyl)arnino]ethyl] 
methylamino]carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetate 

EDC (195.5 mg, 1.02 mmol) was added to a solution of methyl (S)-7-carboxy- 
30 2,3,4,5-tetrahydro-4-methyl-3-oxo-lH-l,4-benzodiazepine-2-acetate (248.4 mg, 0.85 

mmol), the compound of Preparation Z(c) (229.4 mg, 1.02 mmol), HOBt H 2 0 (137.8 mg, 
1.02 mmol), and DEEA (0.74 mL, 4.25 mmol) in anhydrous CH3CN (4.3 mL) at RT. 
After 21 h, the reaction was concentrated and the residue was chromatographed (silica 
gel, 10% CH3OH/CHCI3) to give the title compound as a light yellow foam (353.8 mg, 

■<S5.-.r. 9&fft): MS (ES) 426 [M + rfl** « 
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b) (S)-2,3.4,5-Tetrahydro-4-methyJ-3-oxo-7-[[2-[2-(pyriciinyl)amino]ethyl]methyl- 
aminojcarbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

IN LiOH (1 .0 mL, 1.0 mmol) was added aJl at once to a solution of the compound 
of Example 7(a) (353.8 mg, 0.83 mmol) in THF (4.2 mL) and H 2 0 (3.2 mL) at RT. After 
5 0.5 h, the reaction was concentrated to dryness and the residue was dissolved in H 2 0 (4 
mL). The solution was extracted with EtOAc (2x4 mL) and the EtOAc layers were 
discarded. The aqueous solution was acidified to pH 6 with 1.0 N HC1 and allowed to 
stand at 5°C overnight. The solution was chromatographed (ODS, 12% CH3CN/H2O- 
0. 1 % TFA) and the fractions containing the desired product were pooled, concentrated 
1 0 and lyophilized to give the title compound as a colorless powder (399.7 mg, 81 %): MS 
(ES) m/e 412 [M + H] + . Anal. Calcd for C21H25N5CV 1.5 TFA - 0.75 H 2 0: C, 48.37; 
H, 4.74; N, 1 1.75. Found: C, 48.25; H, 4.89; N, 1 1.86. 



Example 8 

15 

Preparation of (±)-2.3.4.5-Tetrahvdro-4. methvl-^-oYo-7-rrn-r7. 
(PVrimidinvnaminolethvllaminolcarhonvn-1 H -l ^-henrnriiazepine-S-acerip ^ 

a) Methyl (±>2,3,4,5-tetrahydro-4-methyl-3-oxo-7-[[[2-[(2- 

20 pyrimidinyl)amino]ethyl]amino]carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetate 

The compound of Preparation AA(b) (1.2 g, 6.7 mmol), methyl (±)-7-carboxy- 
2J,4,5-tetrahydro-4-methyl-3-oxo-lH-l,4-benzodiazepine-2-acetate (1.8 g, 6.1 mmol), 
EDC (1 .7 g, 9.2 mmol), and DIEA (3.7 mL, 21.4 mmol) were dissolved in DMF (35 mL) 
and the mixture was stirred at RT for 24 h. The mixture was poured into 5% NaHCC>3 

25 (50 mL) and extracted with EtOAc (3 x 30 mL). The combined organic extract was 
washed with H 2 0 (4 x 50 mL), dried (MgS0 4 ), and concentrated. The residue was 
chromatographed (silica gel, 3% CH 3 OH/CH 2 Cl 2 ) to yield the title compound (300 mg, 
12%). Additional purification was obtained by preparative HPLC (ODS-AQ, 50 X 250 
mm, 80 mlVmin, 14% CH3CN/H2O-0. 1 % TFA, UV detection at 220 nm): MS (ES) m/e 

30 412.9 [M+H] +; *H NMR (400 MHz, DMSO-d 6 ) 5 8.28 (d, J=2Hz, 2H), 8. 18 (bt, 1H). 
7.51 (m, 2H), 7.19 (bt, 1H), 6.57 (t, J=9.3Hz, 1H), 6.53 (d, J=8Hz, 1H), 6.32 (d, J=2Hz, 
1H), 5.50 (d. J=16Hz, 1H), 5.14 (m, 1H), 3.84 (d, J=16Hz. 1H), 3.38 (s, 4H), 2.81 (dd, 
J=16.9Hz, 1H), 2.67 (dd, J=17.4Hz, 1H). Anal. Calcd for C20H24N6O4 • 1.5 TFA: C, 
47.34; H, 4.40; N, 14.40 Found: C, 47.21; H, 4.49; N, 14.13. 

35 ~ ' 
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b) (±)-2,3,4,5-Teu-ahydro^-methyl-3-oxo-7-[[[2-[(2-pyrimidinyl)amino]ethy 

carbonyl]- 1H- 1 ,4-benzodiazepine-2-acetic acid 

The compound of Example 8(a) was dissolved in CH3OH (5 mL) containing IN 
NaOH (3.4 mL) and H2O (2 mL) and the mixture was stirred, concentrated, and purified 
5 by preparative HPLC (ODS-AQ, 50 X 250 mm, 80 mlVmin, 14% CH3CN/H 2 O-0.1% 
TFA, UV detection at 220 nm) to yield the title compound as a white solid (80 mg, 
35%):. MS (ES) m/e 399.1 [M+H] + ; *H NMR (400 MHz, DMSO-d 6 ) 6 8.30 (d, J=3Hz, 
2H). 8.15 (bt, 1H), 7.50 (m, 2H), 7.23 (bt t 1H), 6.57 (t, J=7.3Hz, 1H), 6.52 (d, J=8Hz, 
1H), 6.30 (d, J=3Hz, 1H), 5.49 (d, J=18Hz, 1H), 5.08 (m, 1H), 3.84 (d, J=19Hz, 1H), 3.43 
10 (s, 4H), 2.81 (d, J=19.9Hz, 1H), 2.55 (d, 1H). Anal. Calcd for Ci 9 H 2 2N 6 04 : C, 57.28; H, 
5.57: N, 21.09. Found: C, 57.59; H, 5.43; N, 20.97 

Example 9 

15 Preparation of (±>-2.3.4.5-Tetrahvdro-4>methvl-7-rr2-rf 6-methvl-3- 

pvridazin vnaminolethyIlaminolcarbonvn-3-oxo- 1 H- 1 .4-benzodiazepine-2-acetic acid 
(SB 240375) 

a) Methyl (±)-7-[[[2-[(6-Methyl-3-pyridazinyl)amino]ethyl]amino]carbonyI]-3-oxo-lH- 
20 1 ,4-benzodiazepine-2-acetate 

EDC (759 mg, 3.96 mmol) was added to a solution of the compound of 
Preparation BB(b) (3.6 mmol), methyl (±)-7-carboxy-2,3,4,5-tetrahydro-4-methyl-3-oxo- 
lH-l,4-benzodiazepine-2-acetate (1.05 g, 3.6 mmol), HOBT H 2 0 (535 mg, 3.96 mmol), 
and DIEA (2.07 mL, 1 1.88 mmol) in anhydrous DMF at RT. After 20 h, the reaction was 
25 concentrated, and the residue was dissolved in CH2CI2 and chromatographed (silica gel, 
step gradient 0-10%, CH3OH/CH2CI2) to give the title compound as a pale yellow solid 
(960 mg, 63%): MS(ES) m/e 427 [M+HJ+ 

b) (±)-2,3,4,5-Tetrahydro-4-methyl-7-[[[2-[(6^ 

30 carbonyl]-3-oxo- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

1M NaOH (4.0 mL, 4.0 mmol) was added dropwise to a solution of the compound 
of Example 9(a) (800 mg, 1.94 mmol) in 1:1 CH30H:THF (20 mL) at RT. The resulting 
mixture was stirred for 20 h, concentrated, and the residue was dissolved in H2O, 
acidified with 20% TFA, and chromatographed (ODS, step gradient, 5-7% CH3CN/H2O- 

35- r 0; l%-TFA)to gWtrthe^titkr compound as a white powder/ MS(ES> m/e-4 13*2 [M--i» A H]*v 
Anal. Calcd for C20H24N6O4 • 1.5 TFA 0.75 H 2 0: C, 46.27; H, 4.56; N,14.08. Found: 

C, 46.04; H, 4.27; N, 13.78. 
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Example 10 

Preparation of (±)-2.3.4.5-Tetrah vdrn.4-methvl.3.oxo-7-rr2-r3- 
5 (PVridazinvnamino1ethvnamino1carhn nvn.1H.1 4-benzodiazepine-2-acgtir arid 

a) Methyl (±)-23,4,5-tetrahydro-4-methyl-3-oxo-7-[[[2-[3-(pyridazinyl)amino]ethyl] 
amino]carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

Following the procedure of Example 9(a), except substituting the compound of 
10 Preparation CC(c) for the compound of Preparation BB(b), gave the title compound as a 
pale yellow solid (1.12 g, 76%). A 200 mg sample was purified further by 
chromatography (ODS, 10% CH 3 CN/H 2 O-0.1% TFA): MS(ES) m/e 413.2 [M+H] + . 
Anal. Calcd for C20H24N6O4 • 1.5 TFA • 0.5 H 2 0: C, 46.63; H, 4.51; N.14.18. Found: C, 
46.54; H, 4.65; N. 14.46. 

1 5 b) (±)-23,4,5-Tetrahydro^methyl-3-oxo-7-[[[2-[3-(pyridazinyl)animo]ethyl]amino] 
carbonyl]- 1H- 1 ,4-benzodiazepine-2-acetic acid 

Following the procedure of Example 9(b), except substituting the compound of 
Example 10(a) for the compound of Example 9(a), gave the title compound as a white 
powder MS(ES) m/e 399.2 [M+H]+ Anal. Calcd for Ci 9 H22N 6 04 • 1.5 TFA • H 2 0: 

20 C.44.98; H, 4.37; N.14.31. Found: C, 44.82; H, 4.3; N, 14.31. 

Example 1 1 

Preparation of 3-B.4-Dihvrdo-8-nTf2- pvriHi nvh-2-aminoethvll aminolcarbonvn-1- 
25 methvl-2.5-dioxo- 1 H- 1 .4-hen?oriiazepineJ-4 -propanoic acid 

a) Benzyl 3-[3,4-dihydiro-8-[[[(2- pyridinyl)-2-aminoethyI] amino]carbohyl]-l-methyl- 
2,5-dioxo- 1 H- 1 ,4-benzodiazepine]-4-propanoate 

EDC (0.25 g, 1.3 mmol) is added to a solution of the compound of Preparation 
30 A(f) (1.1 mmol), the compound of Preparation V(c) (1.1 mmol), HOBT H 2 0 ( 1 70 mg, 
1.3 mmol), and DEEA (0.9 mL, 4.4 mmol) in anhydrous CH3CN (5 mL) at RT. After 21 
h, the reaction is concentrated and the residue is purified by chromatography (silica gel) 
to afford the title compound. 
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b) 3-[3Adihydro-8-[[[((2- pyridinyl)-2-anunoethyl]amino]carbonyl]-l-methyl-2,5- 
dioxo- 1H- 1 ,4-benzodiazepine]-4-propanoic acid 

A mixture of the compound of Example 1 1(a) (2 mmol) and 10% Pd/C (0.02 g) 
in EtOH (100 mL) is hydrogenated in an atmosphere of H 2 (50 psi) for 6 h. The catalyst 
5 is removed by filtration, and the filtrate is concentrated to afford the title compound. 

Example 12 

p reparation of 3-r4H-Imidazof 1.2-alfl 41benz ndia7epine-5f6HV]-methvl-6-oxo-9-frr(2- 
10 pvridinvn-2-aminoethvnamino1carh onvn-5-pronanoic acid 

a) Ethyl 3-l4H-imidazo[ 1 ,2-a][ 1 ,4]benzodiazepine-5(6H)- 1 -methyl-6-oxo-9-[[[(2- 
pyridyl)-2-anunoethyl]amino]carbonyl]-5-propanoate 

EDC (0.25 g, 1.3 mmol) is added to a solution of the compound of Preparation 
15 B(e) ( 1 . 1 mmol), the compound of Preparation V(c) (1.1 mmol), HOBT H2O ( 1 70 mg, 
1.3 mmol), and DDEA (0.9 mL. 4.4 mmol) in anhydrous CH3CN (5 mL) at RT. After 21 
h, the reaction is concentrated and the residue is purified by chromatography (silica gel) 
to afford the title compound. 

20 b) 3-[4H-Iirudazo[l 1 2-a][l,4]ben2odia2epine-5(6H)-l-methyl-6-oxo-9-[[[(2- pyridinyl)- 
2-aminoethyl]amino]carbonyl]-5-propanoic acid 

A solution of the compound of Example 12(a) (54 mmol), LiOH H 2 0 (0.79 
mmol), THF (5 mL), and H 2 0 (2 mL) is stirred at RT overnight. The mixture is 
concentrated and the residue is dissolved in water. The resulting solution is brought to 

25 pH 5 with 3N HC1 to afford the title compound. 

Ex ample 13 

Preparation of 4.f4-r3-f2-P v ridinvnarnino1prnpvn-l -piperazinvll-l-niperidineacetic acid 

30 
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a) Ethyl 4-[4-[3-(2-pyridinyl)amino]propyl]- 1 -piperazinyl]- 1 -piperidineacetate 

A mixture of the compound of Preparation C(b), the compound of Preparation 
D(c), and DffiA in THF is stirred at RT for 4 h. The mixture is diluted with aqueous 
NaHC0 3 and extracted with EtOAc. The organic phase is dried (N^SO,) and 
5 concentrated to give the title compound. 

b) 4-[4-[3-(2-Pyridinyl)amino]propyl]-l -piperazinyl]- 1-piperidineacetic acid 

A solution of the compound of Example 13(a) and aqueous NaOH in CH 3 OH is 
stirred at RT. After 18 h, the mixture is neutralized with HOAc, desalted through an 
10 XAD-2 column, and lyophilized to give the title compound. 

Example 14 

Preparation of 1-Hvdroxvl 4-r4-f3-rf?.. D vridinvn a m tno1propvn-1. 
IS piperazinvncvclohftxanP.afv.fa ^ 

Following the general procedure of Example 13, except substituting 1,1- 
dimethylethyl l-hydroxyl-4-(l-piperazinyl)cyclohexaneacetate for the compound of 
Preparation C(b) gives the title compound. 

20 Example 15 

Preparation of 4-r4-f2-(2-Pvridinvnaminnv.tbvn-i-pi^ ^ 

a) Ethyl 4-[4-[2-(l -oxo-2-pyridinyl)amino]ethyl]- 1 -piperazinyl]- 1 -piperidineacetate 

25 The compound of Preparation E(b), 2-chloropyridine-N-oxide, and NaHC0 3 in 

butanol is heated. The mixture is cooled, filtered, and the filtrate is concentrated. The 

residue is partitioned between H 2 0 and EtOAc and the organic phase is dried (Na^C^) 

and conoentratedF The^residue is purified by chromatography (siIica-gel)rto frvethe title * 
compound. 

30 
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b) Ethyl 4-[4-[2-(2-pyridinyl)amino]ethyl]-l-p^ 

The compound of Example 15(a), potassium formate, 10% Pd/C and CH 3 OH was 
heated, cooled, filtered and concentrated. The residue was chromatographed (silica gel) 
to give the title compound. 

5 

c) 4-[4-[2-(2-PyridinyI)amino]ethyl]-l-pipera2inyl]-l-piperidineacetic acid 

The compound of Example 15(b) and IN NaOH in CH 3 OH is stirred. The 
mixture is adjusted to pH 5 with dilute HC1 and concentrated to give the title compound. 

10 Example 16 

Preparation of 1-Hvdroxvl 4-f4-f2-(2-pvr idinvlWnino1ethvn-l- 
piperazinvncvclohexanea cetic acid 

Following the procedure of Example 15, except substituting the compound of 
1 5 Preparation F for the compound of Preparation E(b), gives the title compound. 

Example 17 

Preparation of N-f3-f 1-f rrQ-Pyridinvnamino lpropvllcar^^ 

20 fl-alanin$ 

Following the procedures of Beavers, eL aL, WO 95/25091, Example 1, except 
substituting the compound of Preparation G, for N a -Boc-D-lys(Cbz)-OH, gives the tide 
compound. 

25 Example 18 

Preparation of 5-r2-fCartoxv^thynamino ^ 
dihvdro-3-oxo- lH-isoindole 

Following the procedures of Preparation 1-12 in Hartman, et al., EP 0 540 334 
30 r Al, for the preparation of 2>dihydro-N-(2-caiboxy^ 

oxo-lH-isoindole-5-carboxarnide, except substituting the compound of Preparation V(c) 
for N-Boc-4-piperidine-2-ethylamine, the title compound is prepared. 
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Example 10 



Preparation 0frS).7-rp m v^u l fonvlamino>.3.r4-f4-rN.pvHH.^ Y . , min ^ 11hllfv ,^ y 
5 phenvlpropionig a^iH 

Following the procedures of Egbertson, et al., EP 0478363 A2, for the preparation 

of(S)-2.(burylsulfonylamino)-3.[4.(N.ben2yloxycarbonylpiperidin^-yl)-2,2- 
dimethyljbutyloxyphenylpropionic acid, except substituting the compound of Preparation 

H(b) for 4-[4-(N-ben2yloxycarbonylpiperidin-4-yl)-2-methyl]pentan-2-ol, the tide 
10 compound is prepared. 

Example 20 

Preparation of N-nr?HHf?-P^ 
15 methvl -P-alani^. 

Following the procedure of Duggan, et. al., J. Med. Chem.. 1995. 38, 3332, except 
substituting the compound of Preparation 1(c) instead of (N-Boc-piperidin-4-yl)butanoic 
acid, the title compound is prepared. 



Example 21 

Preparation of Hr3-r3-rf2-PYridjnvl)aminolnropv^ 
3(R.S)-methvlpmpanpj 7 »^ 



25 a) 4-fN-I^rid-2-yl-N-(toluenesulfonyl)airuno]butanoximinoyl chloride 

Following the procedure of WO 95/14682, Example 1(b), except substituting the 
compound of Preparation J(e) for 4-cyanobenzoxime, the tide compound is prepared. 

b) tert-Butyl[3-[3-r^-pyrid-2-yl-N-(toluenesulfonyl)arnino]propyJ]isoxazolin.5(R,S). 
30 yl]acetate 

Following the procedure of WO 9W14682T Example 1(d), except substituting itie 
compound of Example 21(a) for 4.cyanobenzoximinoyl chloride, and substituting ten- 
butyl 3-butenoate for the methyl 3-butenoate, the title compound is prepared. 
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c) [3-[3-[N-Pyrid-2-yl-N-(toluenesulfonyI)amino]propyl]isoxazolin-5(R,S)-yl]acetic acid 

4 M HC1 in dioxane (10 mL) is added to a solution of the compound of Example 

21(b) (5 mmol) in CH 2 C1 2 (40 mL) at 0°C. The reaction is stirred at RT until complete 
5 and is concentrated to afford the title compound. 

d) Ethyl 3-[[3-[3-[N-pyrid-2-yl-N-(toluenesulfonyl)amino]propyl]isoxazolin-5(R,S)- 
yl]acetyl]arnino-3(R,S)-methylpropanoate 

EDC (1 .2 mmol) is added to a solution of the compound of Example 21 (c) (1 

10 mmol), ethyl 3-(R*S)-aminobutyrate (1.2 mmol), HOBt • H 2 0 (1.2 mmol), and DIEA (4 

mmol) in anhydrous CH 3 CN (5 mL) at RT. The reaction is stirred at RT until complete, 

and is concentrated. The residue is purified by chromatography (silica gel) to afford the 
title compound. 

15 e) 3-[[3-[3-[(2-Pyridinyl)amino]propyl]isoxazolin-5(R,S)-yl]acetyl]aminoO(R,S)- 
methylpropanoic acid 

1 .0 N LiOH (2.5 mmol) is added to a solution of the compound of Example 2 1(d) 
(0.5 mmol) in THF (2.5 mL). The reaction is stirred at RT until complete, then is 
neutralized with 1.0 N HC1. The solution is concentrated and the residue is purified by 

20 reverse-phase chromatography to afford the title compound. 

Example 22 

Preparation of N43-rrr242-(?vridinvnamino1e^ 

25 

a) Benzyl N-[3-[[[2-[2-(pyridinyl)amino]ethyl]carbonyi]amino]benzoyl]-p-alaninate 

A mixture of benzyl N-(3-aminobenzoyl)-{3-alaninate, Alig, eL al., EP 0372486, 
(1 mmol), N-(2-pyridinyl)-P-alanine, Chowdhary, et al., Indian J. Chem., 1990, 29A, 
230-284, (1 mmol), EDC (-1.5 mmol) and.DZEA<3 mmol) in DMF (25 mL) is^rre^a^, 
30 RT. The mixture is poured into 5% NaHCC>3 and extracted with EtOAc. The combined 
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organic phase is washed with H 2 0, dried (MgS0 4 ) and concentrated. The residue is 
chromatographed (silica gel) to give the title compound. 

b) N-[3-[[[2-[2-(Pyridinyl)aim^ 
5 A mixture of the compound of Example 22(a)( 1 mmol) and IN NaOH ( 1 .5 mL) in 

CH3OH (20 mL) is stirred and concentrated. The residue is dissolved in H 2 0, extracted 
with CH2CI2, and the aqueous phase is adjusted to pH 5 with dilute HC! to give the title 
compound. 

10 Exempts 23 

Preparation of rri-rN-rr2-rf2-Pvridinvnami no1ethvncarbonvl1tvrosvl1-4- 
piperidinvnoxvlacetic acid 

15 a) tert-Butyl [[l-[N-[[2-[(2-pyridinyl)amino]ethyl]carbonyl]tyrosyl]-4- 
p i peri dinyljoxy] acetate 

A mixture of tert-butyl [(l-tyrosyl-4-piperidinyl)oxy]acetate, Alig, et. al., EP 
372486, (1 mmol), N-(2-pyridinyl)-0-alanine, Chowdhary, et. al., Indian J. Chem., 1990, 
29A f 280-284, (1 mmol), EDC (1.5 mmol), and DIEA (3 mmol) in DMF (25 mL) is 

20 stirred at RT. The mixture is poured into 5% NaHC0 3 and extracted with EtOAc. The 
combined organic phase is washed with H 2 0, dried (MgS0 4 ) and concentrated. The 
residue is chromatographed (silica gel) to give the title compound. 

b) [[l-[N-[[2-[(2-Pyridinyl)anuno]ethyl]c 
25 A mixture of the compound of Example 23(a)( 1 mmol) and CF3CO2H in CH2CI2 

is stirred and concentrated to give the title compound. V 

30 Preparation of (±)^-rrrr3-r(2-Pvridinvnan^ 
pgntyPQfa acid 
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a) Methyl 4-[[3-[(2-pyridyl)amino]propyl]amino]-4-oxobutyrate 

3-Carbomethoxypropionyl chloride (0.74 mL, 6.0 mmol) is added at 0°C to a 
stirred solution of the compound of Preparation K(c) (5.0 mmol) and DDEA (4.4 mL, 25 
5 mmol) in dry CH 2 C1 2 (50 mL). After stirring for 1 .5 h at RT, the reaction mixture is 
diluted with CH 2 C1 2 (50 mL) and washed sequentially with H 2 0 (25 mL) and 5% 
NaHCOs (25 mL). The organic layer is dried (MgS04), concentrated, and reconcentrated 
from toluene. Chromatography (silica gel) gives the title compound. 

10 b) 4-[[3-[(2-Pyridyl)amino]propyl]amino]-4-oxobutyric acid 

A mixture of the compound of Example 24(a) (530.6 mg, 2.0 mmol), 1.0 N Li OH 
(3.0 mL, 3.0 mmol), THF (10 mL) t and H 2 0 (7 mL) is stirred at RT overnight, then is 
concentrated. The residue is taken up in H 2 0 (5 mL) and neutralized with 1.0 N HC1. 
The precipitate is collected and dried in vacuum to give the title compound. 

15 

c) Ethyl (±)0-[[[[3-[(2-FVndinyl)ainino]propyl]amino]succinoyl]amino]-4-pentynoate 
EDC (230 mg, 1.2 mmol) is added to a solution of the compound of Example 24(b) 

(203.3 mg, 1.0 mmol), ethyl (±)-3-amino-4-pentynoate, WO 93/07867, (169.4 mg, 1.2 
mmol), HOBt - H 2 0 (162.2 mg, 1.2 mmol), and DIEA (0.70 mL, 4 mmol) in anhydrous 
20 CH3CN (5 mL) at RT. The reaction is stirred at RT overnight and is concentrated. The 
residue is chromatographed (silica gel) to give the title compound. 

d) (±)-3-[[[[3-[(2-Pyridinyl)anuno]propyl]anuno]succinoyl]amino]^pentynoic acid 
A mixture of the compound of Example 24(c) (187.2 mg, 0.5 mmol), 1.0 N LiOH 

25 (0.75 mL, 0.75 mmol), THF (2.5 mL), and H 2 0 (1 .7 mL) is stirred at RT overnight, then 
is concentrated. The residue is taken up in H 2 0 (2 mL) and acidified with TFA. ODS 
chromatography followed by lyophilization of the purified material gives the title 
compound. 
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Example 25 

Preparation Of rS>-4-frr?.-f2-('Pvridinvl'> a mino1ethvllrarbonv]lglvcvn-^- 
methoxvcarbonvlmffthyl.2-oxopip ftra7ine. 1 -ar^^ a^H 

Following the procedure of Sugihara, et. al., EP 0529858, Exampie 59, except 
substituting N-(2-pyridinyl)-|5-alanine, Chowdhary, et. al.. Indian J. Chem., 1990, 29A, 
280-284, for4-amidinobenzoic acid hydrochloride, gives the title compound. 

Example 26 

Preparat i on of f3$.5vSV3-Carboxvmethvl-.5-rr4-r2-r?-r r v ri dinvnaTninolethvnphi»nyli 
OXVmethvn-2-pvrmMHtnni^e 

a) (3S,5S)-3-[(tert-Butoxycarbonyl)methyl]-5-[[4-[2-[2-(pyridinyl)amino] 
ethyl]phenyl]oxymethyl]-2-pyrroIidinone 

Following the procedure of Himmelsbach, et.al., AU-A-86926/9 1 , Example 3(5 1 ), 
except substituting the compound of Preparation L for 4'-cyano-3'-fluoro-4- 
(hydroxy)biphenyl, gives the title compound. 

b) (3S,5S>3-Carboxymemyl-5-[[4-[2-[2-(pyridmyl)arnino]ethyl]phenyl]oxymethyl]-2- 
pyrrolidinone 

Following the procedure of Himmelsbach, et. al., AU-A-86926/9 1, Example 
7(93), except substituting the compound of Example 26(a) for (3S,5S>3-[(tert- 

butyloxycarbonyl)memyl]-5-[(4^amidino-3'-fluoro-4-biphenylyl)oxymethyl]-2- 
pyrrolidinone, gives the title compound: 

Example 27 

Preparation of 1 -r2-r2-(Pvridinvnamino1ethvn-3-r4-f 2-c arboxvethvnphenvll-4-m ft thoxv- 

3-pYrroiin-2-ong 

Following the procedures of Linz, et. al., EP 0567968, except substituting the 
compound of Preparation V(c) for 4-cyanoaniline, gives the title compound. 
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Example 28 

Preparation of 4-rrr2-("(2-Pvridinv])amino1ethvl1methylamino1acetvl1phenoxvacetic acid 

5 

a) Methyl 4-[[[2-[(2-pyridinyl)amino]ethyl]methylamino]acetyl]phenoxyacetate 

Following the procedure of Wayne et. al., WO 94/22834, Example 1, except 
substituting the compound of Preparation Z(c) (1 mmol) for I-(4-pyridyl)piperazine, 
gives the title compound. 

10 

b) 4-[[[2-[(2-Pyridinyl)amino]ethyI]methylamino]acetyl]phenoxyacetic acid 

Following the procedure of Wayne et. al., WO 94/22834, Example 2, except 
substituting the compound of Example 28(a) for methyl 4-[2-[4-(4-pyridinyl)piperazin-l- 
yl]acetyl]phenoxyacetate, gives the title compound. 

15 

Example S 

Preparation 2.2'-f r4-ITr2-r( 2-Pvridinvnaminolethvnmethvlaminolacetvn- 1 .2- 

phgnylgng1MsfQyy)1bii$-acpuc acid 

20 

a) Dimethyl 2,2 , -[[4-[[[2-[(2-pyridinyl)amino]ethyl]methylamino]acetyI]-l,2- r 
phenylene]bis(oxy)]bis-acetate 

Following the procedure of Wayne et. al., WO 94/22834, Example 3, except 
substituting the compound of Preparation Z(c) for 1 -(4-pyridyl)piperazine, gives the title 
25 compound. 

b) 2,2 , -[[4-[[[2-[(2-Pyridinyl)amino]ethyI]methylamino]acetyl]-l ,2- 
phenylene]bis(oxy)]bis-acetic acid 

Following the procedure of Wayne et. al., WO 94/22834, Example 4, except 
20 substituting the compound of Example S(e) fordimethyl 2;2'-{4-t2-{4-<4~ « 

pyridinyl)piperazin-l-yl)acetyl]phenylene-l,2-dioxy]diacetate, gives the title compound.. 
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Example 29 



Preparation of 4.rrrr24r2-Pvridi nvnaminolethvl1carbonvl1methvlamjnQl 
5 acetvllphenoxvacetic acid 

a) Methyl 4-[[[[2-[(2-pyridinyl)amino]ethyI]carbonyl]methylamino]acetyl] 
phenoxyacetate 

A mixture of the compound of Preparation M(c)( 1 mmol), N-(2-pyridinyl)-p. 
10 alanine, Chowdhary et al M Indian J. Chem., 1990, 29 A, 280-284, (1 mmol), EDC (1.5 
mmol), and DIEA (3 mmol) in DMF (25 mL) is stirred at RT. The mixture is poured in 
to 5% NaHC03 and extracted with EtOAc. The organic phase is washed with H2O, 
dried (MgSC>4), and concentrated. The residue is chromatographed (silica gel) to give the 
title compound. 

15 

b) 4-[[[2-[(2-Pyridinyl)anuno]ethyU acid 

The compound of Example 29(a)(l mmol) and IN NaOH (1.5 mL) in CH3OH (20 
mL) is stirred and concentrated. The residue is dissolved in H2O, extracted with 
CH2CI2, and the aqueous phase is adjusted to pH 5 with dilute HC1 to give the title 
20 compound. 



Example 30 

Preparation 4-rrrr2-rr2-Pvridinvnamino1eth vn C arbon vllmethvlaminolacetvn- 1 .2- 
25 phenYtep^ipxyftqcetic acid 



a) Dimethyl 4-[[[[2-[2-(pyridiny l)amino]ethy l]carbonyl]methylamino]acetyl]- 1 ,2- 
phenylenedioxydiacetate 

Following the procedure.of Exajnp[e 29(a), excepj; sufestytuting^the compound of 
30 Preparation N(c) for the compound of Preparation M(c), gives the tide compound. 
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b) 4-[[[[2-[(2-Pyridinyl)amino]ethyI]carbonyl]methylamino]acetyl]-l t 2- 
phenylenedioxydiacetic acid 

Following the procedure of procedure of Example 29(b), except substituting the 
compound of Example 30(a) for the compound of Example 29(a), gives the title 
5 compound. 

Example 31 

Preparation of 1424f2-rPvridinvnamino1ethvn-344-r2-(carboxv^ethvniphenvl1-3^x^ 
10 imidazoline 

a) Ethyl 2-[4-(2-hydroxyethylamino)phenyl]propionate 

Following the procedure of Himmelsbach, et. al., EP 0587134, Example V, 
giycolaldehyde dinner (Aldrich) (1 mmol) is added to a solution of methyl 2 -(4- 

15 aminophenyl)propionate (1 mmol) in aqueous CH3CN (pH 6-7) (10 mL), followed by 
NaBH^CN (1 .2 mmol), and the mixture is allowed to stir for 1 h. The mixture 
concentrated to an oil, and the residue is dissolved in a mixture of ice water and EtOAc. 
The aqueous layer is neutralized with 4 N NaOH and washed with EtOAc. The organic 
phase is concentrated to an oil. A solution of the oil in EtOAc is chromatographed (silica 

20 gel, gradient, 5-30% CH3OH/CH2CI2-O. 1 % HO Ac). The fractions containing the product 
are combined and concentrated to give the title compound. 

b) N-[2-[(2-Pyridinyl)amino]ethyl]-N , -hydroxyethyl-N , -{4-[2- 
(ethoxycarbony l)ethyl)]phenyl]-urea 

25 Following the procedures of Himmelsbach, et. al., EP 0587 1 34 and EP 06 1 274 1 , 

a solution of the compound of Preparation V(c) (1 mmol) and COCI2 in THF (10 mL) is 
allowed to stir at -20°C for 20 min. After 20 min, the compound of Example 3 1(a) ( 1 
mmol) is added to the solution and the resulting mixture is allowed to stir for 18 h. The 
resulting solution is concentrated and a solution of the residue in EtOAc is washed with 

30 5% citric acid followed by H2O. The organic phase is concentrated and a solution of the 
resulting oil in EtOAc is chromatographed (silica gel, gradient, 5-30% CH3OH/CH2CI2- 
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0. 1% HOAc). The fractions containing the product are combined and concentrated to 
give the title compound. 

c) N'-[2-[(2.Pyridinyl)amino]ethyl]-N 3 -[4-[2-(ethoxycarbonyl)ethyl)]phenyl]-2-oxo- 
5 imidazolidine 

Following the procedures of Himmelsbach, et. al., EP 0587 134, Example m, and 
EP 0612741, a solution of the compound of Example 31(b) (1 mmol), methanesulfonyl 
chloride (1.1 mmol) and Et 3 N (1.1 mmol) in CH 2 C1 2 (10 mL) is allowed to stir at 0" for 1 
h. The mixture is partitioned between H 2 0 and CH 2 C1 2 . The organic phases are 

1 0 combined, dried (Na 2 S0 4 ), and concentrated. A solution of the residue and Nal ( 1 . 1 
mmol) in acetone (10 mL) is heated to reflux for 3 h and then concentrated to an oil. 
Potassium bis(trimethylsilyl)azide (1.1 mmol) is added to a solution of the residue in 
DMF (5 mL), cooled to 0°. The solution is allowed to warm to RT over 30 min and then 
concentrated to an oil. The residue is partitioned between H 2 0 and CH 2 C1 2 . The organic 

1 5 phases are combined, dried (Na 2 S0 4 ), and concentrated. A solution of the oil in EtOAc 
is chromatographed (silica gel, gradient, 5-30% CH 3 OH/CH 2 Cl 2 -0.1% HOAc). The 
fractions containing the product are combined and concentrated to give the title 
compound. 

20 d) N , -[2-[(2-PyridinyI)amino]ethyl]-N , -[4-[2-(carboxyl)ethyl)]phenyl]-2-oxo- 
imidazolidine 

Following the procedures of Himmelsbach, et. al., EP 0587134, Example m and 
EP 0612741, in which a solution of the compound of Example 31(c) (1 mmol) and 1 N 
NaOH (1.2 mL, 1.2 mmol) is allowed to stir for 18 h. The mixture is neutralized with 
25 cone HCI and chromatographed (silica gel, gradient, 5-30% CH 3 OH/CH 2 C1 2 -0. 1 % 

HOAc). The fractions containing the product are combined and concentrated to give the 
title compound. 
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Sxampfj* 




15 



20 



5 * SIrail *^^ 

tetrahydroiso q ui n olin-2. yijacetate ^^bonylM^^. 

A soJution of the compound of iw 
«*— of v £ OCd, (0.263 g , , 0 ^ Ae 

' 0^0.^^^ 5 ^^C0, 91g . ,. 0mmol) , HOBt 

title compound (0.32g, 68%) 
concent ^ ^ ^ - — for 8 h . ^ ^ . 



25 




FolJowing the procedure of Exam 

Preparation Pfd) for th- Ca) * exce P l substituting th» ^ 

<« ^ the compound of ** 1,16 impound of 

gives the title compound. 



30 
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a) tert-Butyl [6-[[[2-[(Pyridin-2-yl)amino]ethyI]carbonyl]amino]tetralin-2-yl]acetate 

Following the procedure of Example 32(a), except substituting ten-butyl (6- 
amino-tetralin-2-yl)acetate, Fisher, et. al., EO 0635492, Scheme 12 and Example 28, 
parts A-D, for the compound of Preparation O(d) and substituting N-(2-pyridinyl)-J3- 
5 alanine, Chowdhary, et. al., Indian J. Chem.. 1990, 29A. 280-284, for the compound of 
Preparation V, gives the title compound. 



b) f^[[[2-I(Pyridin-2-yl)arnino]ethyl]carbonyl]amino]tetralin-2-yl]acetic acid 

A solution of the compound of Example 34(a) (0.20 g, 0.85 mmol) and TFA (3 
10 mL) in CH2CI2 (3 mL) is allowed to stir for 1 h. The solution is concentrated to an oil 
which is treated with Et20. Filtration and drying in vacuo afforded the title compound 
(0.173 g, 74%) 



15 



Example 35 

Preparation pf r6-rrr2-rffVidin-2-vnamino1ethvl1 a mi no1cartx>nvlltetralin.^-vn a ^ t^ 



a) Ethyl [6-[[[2-[(Pyridin-2-yl)aimno]emyI]aimno]carbonyl]tetralin-2-yl]acetic acid 

Following the procedure of Example 32(a), except subsisting the compound of 
20 Example 27(b) for the compound of Example 25(d), gives the title compound. 

Alternatively, a solution of the compound of Preparation Q(a) (0.31 g, 1.0 mmol), 
the compound of Preparation V(0.32 g, 1.0 mmol), Pd(OAc)2 (0.023 g, 0.1 mmol), PI13P 
(0.262g, 1.0 mmol), diisopropylamine (0.23 mL, 2.1 mmol), and NMP (8 mL ) in 10% 
NH4CO3 is stirred for 8 h under an atmosphere of CO. The solution is concentrated and 
25 the residue is purified by chromatography (silica gel, gradient, 10-66% 
CH30H/CH2Cl2)8: 1 to 1 :2) to afford the title compound (0.28g, 50 %) 



b) [6-[[[2-[(Pyridin-2-yl)amino]ethyl]amino]carbonyl]tetralin-2-yl]aceticacid 

FoIioAvingfhe procechare o£ Example 32(b), except subsuming, the compound^. 
30 Example 35(a) for the compound of Example 32(a), gives the title compound. 
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MvU aminolbei 

<xl*tC » m : nn l-n VflQinY 'l 1 ' 

gggaaa an of |V[[[[f6- Aiam^^ 

. , of Examp le 32, except substituting ethyl (5- 
PoUowing the * R(e) for th6 compound of Preparation 

^nobenzofuran-2-yDpropionate from Prep 

O(d), gives the title compound. 

10 - : _-^wiv*rhonvJla!rin^^ 

~* rfrri-r(Pyridir 
^ p ^tior i of Inlllu " rv " — 

15 j^pa^onCK*. gives *e ude compound. 




^ n .2. v namin-l- th V nmett 

Pp-^^iqikii i 

20 yUr^ojaojlic^ substituting the compounds of 

PoUowing the procedure of Example ^ ^ 
P.eparationSC^orC^forthecompoundsofPreparaUo * 

compound. 

E^arrp^e 39 



i^sMS^^^^ cc . e , 5 except substring Ac compounds of 
FoUowmgdKprocedu^-P ^ ^ ^ M W ,-^s **** 
30 p rc p=n»*-Tt»)ot(bTfot*=eompc«n«ofP^ 

compound. 
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- HOC < 2 .33 ^ „ ^ ^ ^ • « 2 0 ( ,33 

— i„g wiU, ,.0 N AcOH (0 ?0 - — • in »■ ice bath befo rc 

%1FA) l ° « ,ve title compound. 

hereinabove, but includes aJJ roodifj JT k ^^ments described 

ciain.. ^ e various "*» 
^rein comprises ^ state of ^ *r pubhcations which J Cited 

flUIy set forth. ' ^ '"grated herein by reference as though 
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Wh at is claimed is: 
5 

wherein •c t teropla te; 

og is H or Ci^a 1 *^* r 



20 



•oft l 2 or 3; 
bta0.1<* 2 « 

30 -^-V-^-^- 
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v ' > Q 3 and CH ar - 

^^e each CH, ^ 

' Aconi Pou n da C corrf,- 

a ccordin gf0cJ 

4 - A co mpound 

tfie 5t>Upof; 

R 4 O 



y 
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10 




the pyridine ring. 
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6- A compound according to claim 1 in which is: 



(0) u 



,R 4 



5 wherein 



R 2 



10 



R 2 is(CH 2 ) q C02H; 

q^is^K^OT 1 ^ 63 ^^'' J ^ r "*^°"* a ^ c y^ Wet-C(j^all c yj i or C3-$cycloa]kyl-Co^alkyl; and 



.5 «^r OTdi ° g 10 ^ 7 ^ W * •W.-CONR, or 
9. A compound according to claim 1 which is- 

25 l-Hydroxyl 4-f4-r2 (2 nvrfH* ,v , pipeM ^ , ^ , -l«I«ndine«wk acid; 

alanine; OJpr ° Pyll - 2 - oxo - 1 -P 1 Pendmyl}acetylJ-3(R)-methyl -b- 

3-[[3-[3-[(2-Pyridinyl)amino]propyl]i S oxa2olin-5rR <tt „n a . „ 
methylpropanoic acid; 5(R ' S )-y , ]acetyIJaminc-3(R,S)- 

N-[3-a [ 2- r 2-CPy ri di n y 0a ^ no]etny ^ 
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[M : [N-[[2-[(2-Pyridinyl)^ acid; 
(±)-3-[[[[3-[(2-Pyridinyl)anuno^ acid; 
(S)-4-[[[2-[2-(FVridinyl)amino]e^ 
oxopiperazine-1 -acetic acid; 

5 (3S,5S)-3-Carboxymethyl-5-[[4-[2-[2KpyridinyJ)amino]ethyl]phen oxymethyI]-2- 
pyrrolidinone; 

l-[2-[2-(Pyridinyl)arnino]ethyl]0-[4-(2-carboxyethy])phenyl]-4-me^ 
one; 

4 -[[[2-[(2-PyricUnyl)amino]ethyl]methy]amino]acetyI]phenoxyacetic acid ; 
10 Preparation 2,2 , -[[4-[[[2-[(2-Pyri 
phenylene]bis(oxy)]bis-acetic acid; 

4-[[[[2-[(2-F^ridinyI)amino]ethyI]carbonyl]methylarnino] acetyl ]phenoxy acetic acid ; 
Preparation 4-[[[[2-[(2-PyricUnyl)amino]ethyl]carbonyl]methylamino]acetyl]-l,2- 
phenylenedioxydiacetic acid; 
15 l-[2-[(2-(Pyridinyl)amino]ethyl]-3^ 

[6-[[[2-[(Pyridin-2-yI)amino]ethyl]amino]carbonyl]- 1,2,3 ,4-tetrahydroisoquinolin-2- 
yl]acetic acid; 

[6-[[[2-[(Pyridin-2-yl)ainino]ethyl]amino]carbony 1]- 1 ,2,3,4-tetrahydro- 1 -oxo- 
isoquinoIin-2-yl]acetic acid; 
20 [6-{[[2-[(Pyridin-2-yl)amino]ethyl]carbonyl]amino]tetralin-2-yl]aceu acid; 
[6-[[[2-[(Pyridin-2-yl)amino]ethyl]amino]carbonyl]tetralin-2 acid; 
[5-[[l[(6-Amino-2-pyridinyl)methyl]cartw^ acid; 
[5-[[[[2-t(Pyridin-2-yi)am^ 
yl]propionic acid; 

25 [5-[[[[2-[(Pyridin-2-yl)amino]ethyl]methylamino]cart)onyl]benzofuran-2-y 
acid; 

[5-[[[{2-[(Pyridin-2-yl)amino]ethyl]methylamino]carbonyI]-23-dih 
yl]-propionic acid; or . 

(±)-3-[[[5-[(Pyridin-2-yl)amino]pentanoyl]glycyl]amino]-4-pentynoic acid. 

30 

10. A compound according to claim 1 which is: 
(S)-23,4 t 5-Tetrahydro-4-methyl^ 
carbonyl]- 1H- 1 ,4-benzodiazepine-2-acetic acid; 

(S)-23,4,5-Tetrahydro^-methyl-3-oxo-7-[[[2-[(l-oxo-2-pyridinyl)amino]ethyl] 
J5'~™ ammo]cartK>nyl]-lH-l,4-bcmcKia2epine-2-acetic acid; 

(S)-2,3,4^-Teti^ydrcH3^xo-7-I[[2-t2-(pyridinyl)amino]ethyl]amino]c^ 
benzodiazepine-2-acetic acid; 
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(S)-2,3A5-TetrahydrcH3^ 

trifluoroethyl)- 1 H- 1 ,4-benzodiazepine-2-acetic acid; 
(±)-2,3 > 4,5-Tetrahydro-3-oxo-4-(phenyIethyI)-7-[[[2-[2- 
(pyridinyl)amino]ethyl]amino]carbonyI]-lH-l,4-benzodia2epine-2-acetic acid; 
5 (S)-2,3,4,5-Tetrahydro-4-methyl-7-[[[2-[2-(6-methyl- 

pyridinyl)amino]ethyl]amino]carbonyl]-3-oxo- 1 H- 1 ,4-benzodiazepine-2-acetic acid; 
(S)-2,3,4,5-Tetrahydro-4-rnethyl-3-oxo-7-[[[2-[2- 

(pyridinyl)amino]ethyl]methyiamino]carbonylH acid; 
(±)-2,3,4 f 5-Tctrahydro^meihyl-3-oxo-7-[[[2-[2-(pyrimidinyl)ainin 
1 0 carbonyl]- 1 H- 1 ,4-benzodiazepine-2-acetic acid; 
(±)-2,3A5-Tetrahydro-4-methyl-7-[[2-[^ 
carbonyl]-3-oxo-lH-l,4-benzodiazepine-2-acetic acid; or 

(±)-23A5-Tetrahydro^-methyl-^ 

carbonyl] - 1 H- 1 ,4-benzodiazepine-2-acetic acid. 

15 

1 1. A pharmaceutical composition which comprises a compound according to any one of 
claims 1*10 and a pharmaceutical^ acceptable carrier. 

12. A method of treating a disease state in which antagonism of the vitronectin receptor 
20 is indicated which comprises administering a compound according to claim 1 . 

13. A method according to claim 12 for inhibiting angiogenesis or treating 
atherosclerosis, restenosis, inflammation, cancer or osteoporosis. 

25 14. The use of a compound according to any one of claims 1-10 in the manufacture of a 
medicament 

15. The use of a compound according to any one of claims 1-10 in the manufacture of a 
medicament for the inhibition of the vitronectin receptor in a mammal in need thereof. 

30 

16. The use of a compound according to any one of claims 1-10 in the manufacture of a 
medicament for the treatment of atherosclerosis, restenosis, inflammation, cancer or 
osteoporosis. 

35 17. A process for preparing a compound of formula (I) as defined in claim 1 , which 
process comprises reacting a compound of formula (XVI) with a compound of formula 
(XVH): 
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(?)« 




Ll-A 



(XVI) (XVII) 

wherein: 

5 Q 1 , Q 2 , Q 3 , Q 4 , Ry, R, u and A are as defined in formula (I), with any reactive 

functional groups protected; and 

L 1 and L 2 are groups which react to form a covalent bond in the moiety W as 
defined in formula (I); 

and thereafter removing any protecting groups, and optionally forming a 
10 pharmaceutical^ acceptable salt. 
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Compounds of formula (I) are disclosed, 
wherein: A is a fibrinogen antagonist template; W is 
linking moiety of the form -<CHR«VU-(CHR*)b- 
V-; Q 1 , Q 2 , Q 3 and Q 4 are independently N or OR*., 
provided that no more than one of Q 1 , Q*. Q 3 and Q 4 
is N; R* is H or Ci^alkyU Ca-icycloalkyl-Qvsalkyl 
or Ar-Co^aikyl; Rf is H or Ci^alkyl, Het-Co^alkyU 
C>7cycloalkyl-Qv6alkyl or Ar-Cb^aJkyl; R k is 
R», -C(0)Ri or -C(0)OR» R 1 is H, Ci^alkyU 
Het-Qwalkyl, Cj-Tcycioalkyl-Co^alkyl, Ar-Co*alkyl, 

Het-Co-6alkyl-U--Ci-6alkyI, C^Tcycloalkyr-Co^alkyl-LP-C , ^alkyl or Ar-Q^alkyl-U'-C^alkyl; Rr is H, halo, -ORI. -SRf. -CN t -NRiR k 
-NO2. CF3, CF3S(0)r. -CO2R*. -COR« or -CONR«2, or Ci^alkyl optionally substituted by halo. -ORi, -SR*. -CN, -NR*R" -NCb' 
-CF3, R*S(0)3-. -CO2R*, -COR« or -CONRt* U and V are absent or CO, CR«2, Q-CRt*), S(0)c. O, NRt, CR«OR«. CR«(OR k )CRs/ 
^tl^?^^ 0 ^^ OC(0), C(OK>, dSyO, OC(S), C(S)NRt. NR«C(S), S(OhNRS. NR«S(OhN-N; 

NR»NR« r NRSCR«2. NRtCRSj, CRSjO. OCR«2, CRf-CRi. CC, Ar or Her, a is 0, 1. 2 or 3; b is 0, 1 or 2; c is 0, 1 or 2; r is 0. 1 or 2; and 
u is 0 or I; or pharmaceutical^ acceptable salts thereof, which are vitronectin receptor antagonists useful in the treatment of osteoporosis. 
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